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Letter of -Transmittal 



\eplember 30, 1977 



My Dear Mr. president: 



I have the hoitor of transmitting to you A and through, you to the 
Congress, the^Iin^h Annual Report of the National Science Board. 

Jn thi£ Report, Science Indica^rs— 1$76, the Board presents the third 
step in the, process begun.. v/th Science Indicators — 1972 of ^developing 
indicators of the state of Science in the Unitea States. Our goal is" a 
periodical series of indices*of the strengths and weaknesses of science* 
and t^dhnology in the United'Stafes andthe changing tbaracter of that 
activity. We hope that by contributing to the. understanding of the 
scientific enterprise itlfelf we will strengthen -its forward thrust, 
illuipinateits significance, assist in the examination of its probteirts,and 
thereby increase its role in the resolution of issues, of great national 
concern- * < 

[ The indicatorsin tjjus Report deal primarily with resources— human 
and financial — for research and development. It deals as ivell with 
measures of some of the impacts and contributions of research and 
development to the welfare of the Nation, In bur continuing use of these, 
indicators, we'are broadening our study of their characteristics and plan 
to' describe our progress in subsequent Science Incficator reports. 



'Respectfully <yours, 




Norman Hackerman 
Chairman, optional Science Board 

,:" ■ ■ • \ • ; • ' ; • ] 

Ther Honorable " - 4 ■ 

The President of 4he United States ^ 
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Introduction 



In 1968 the Congress directed the National 
Science Board to assess the status and,healtlvol 
science, ^including, such* matters as national, 
resources and manpower, 4n reports to be 
rendered to the President for submbSipn to tte 

.Congress. l#t J9Z3 the Board Initiated the SCiejut ~ t 
Indicators series, and in 197$ a joint ccftnmittee of 

.the Congress indicated its continuing interest m 
this particular series.* Sciauc lndhalor*—l97t> is 
the ninth such annual report and the third in the 
Science Indicators* series. With it, the Board 
continues its effort to describe quantitatively the 
condition of -science and research in the United 
States. . 



.The Report 

This report represents *a stage in the con- 
tinuing effort to develop indicators of the status 
of science and technology in the various Rectors 
of the U.S. economy. Science and technology are 
also examined in tfe international context. The 
intentof the present report is to select indicators 
of significant parameters of U.S. science and its 
related technology, and present them clear 1> and 
precisely with the appropriate caveats Because 
the report has a great man^ users ^yith different 
needs and points of view, the interpretation of 
the indicators isTefFmainly to the reader. 

- 4 The report has been patternecf v after Science 
Indicators — 1974 1 with thnrfollowing differences: 

— Some new indicators wereadded and-a 
* , few previously included weris ^deleted, 

after an evaluation k>f their usefulness, 
statistical significance, and reliability. 

— Some of the nufherical data^redtffer^nt 
hecause of change? i/i so/ne, 
classifications and the acquisition^ of 
more accurate information. 

— Documentation of data sources is more 
complete, with additional references 
provided for those readers who are 
interested in examining further the 
topics discussed in this report. 



i House Report 94-1689, 94th*Congress. ZmhSessioir, 
September 27,- 197$, p. 16. 
^Scunce Inix*lm—19T4, National Science Board itySB 75- 



The indicators selected for this report, are 
presented in s*a chapters, including an expanded 
treatment of some topics jkudi as patents^ thp 

„ U-S. toh in international technology transfer, t 
"the impact of tomj&my sue on invfentipn and 
innovation, and "the scientific publication 
patterns of iJ.S/authors.The time span coveted 

. by the indicators of the scientific enterprise 
rangess from the early 1960's through 1976 
whenever feasible. * 

Eath chapter begins with 'a set of indicator 
- highlights *which briefly summarize the major, 
indices of that chapter. It sbouldi>e noted that - 
the&e highlights often dmit the ^aveats and 
, explanations which appear in the text itself. In 
the text the indicators are presented in graphic 
< or tabular form and are more fully^discussed. 
The, appendix consists of detailed data tables,, 
which are referenced by the figures and tablesof 
the textJEhese appendix tables usually provi8e - 
niore complete and extensive information A 
subject-arranged list of indicators has been 
'I provided for the reader's convenience/ 

The ongoing task of identifying and creating 
useful and sound science indicators mil continue 
since it offers the potential for A more enlight- 
ened public science policy. We have .been 
encbut aged by the high level ©^interest shown 
in the previous Science Indhflor* reports Hbth 
domestically, and abroad. The Bdard invites 
those interested in the us$ and development .of 
such^ indicators to become* involved in the 
process and participate in this effort to better 
understand the stienfific enterprise. 

Indicators of Science 

^The purpose and function of science indicators 
is to follow changes ir\ the scientific enterprise 
and its components over tipe, and thereby io 
reveal strengths and weaknesses as they begin to 
develop. Such indicators, updated regularly, can 
, prbvide early warnings of trends that might 
impair the ability of American science and some 
aspects of technology to meet the needs of the 
Nation. Taken together, "indicators can make 
decisionmakers more aware of *th* in- 
terrelatednegs of the many vamoles which 
descritarfhe Nation's-^dentific^^ort^Hence 
they # can assist those who Set priorities for the 
enterprise and allocate fesouitesio it. * 



White the indicators reported here are^in 
genera), statistical time series, not every time, . 
series^is an indicator. Jn order *to, serve then 
policy purpose, indicators must measure in some 
way dthe^ the resource? allocated to the 
scientific enterprise or the fulfillment of. its 
goals. Thus there arises the rough distinction 
between- input and output indicators. Input 
indicator? indudg^pe, human^d financial 
resources that aremfcde avaikH^krcluding the 
education of researcn sd^nttsts and changes 
the Institutional s^uttures within whidi. 
research ancf development occur. 

While som^fif ficulties remain in the defining 
and obtaining oLinput indicators, indicators of 
output/ present stflk greater challenges and 
consequently are less developed. Many of the 
"outputs" or results of science are the product of 
other social entities as well, so that in measuring 
them^one is measuring more than the effects of 
scienc^Jn addition, many of the results that 
science is thought to have" are not definite 
enough to be measured directly. For -example, 
there can be no precise measure of the advance 
of knowledge. -One ,ifcight dedde td count 
research 7 reports, under § the assumption that^ 
their distribution over fields and their changes 
over time provide, information about thfc cor- 
responding distribution and changes m .the 
advante of knowledge. In this situation, one 
would also want to have additional indicators, of . 
the advance of knowledge, to see if tfcey 
confirmed what had been learned from the 

* counts of researckreports. This example reveals 
the charact^cof many output indicators; namely, 
that they ar? quantitative measures standing as 
surrogates or approximations for something # 

rthal , caitnot be directly measured. It also 
illustrates the value^of having a number of 
Indicators -trr reflect each «of the outputs of 
srience. \ * 

r . 

Outputs include the proximate products of 



sdentific research as well as its social and 
economic effects. In combination, indicators of 
• these outputs complement each other and enable^ 
*. a picture of the "status'andKealth''of srience to 
• . eifterge! Individually, however, they may.be 
misleading, and even taken together they do not 
serve thetr^purpose without the application of 
the experience and sound judgment of the** 
policymakers and others who use4hem. 

Confidence in a particular indicator is 
strengthened if it can be followed over time and 
its changes observed in relation to other 
indicators. These xelationships wouldjbemuch 

. dearer if there were an explidt model available 
of the research enterprise, both in itself arid in 
relation to the rest of sodety. Such/ an ideal 

"model" would help to fix the significance of each 
indicator and would enable the various in-, 
dicators to be correlated, The models that exist, 
however, are less than adequate for this 
purpose. Still, the development of such concep- 
tual formulations of the sdentific enterprise will 
probably be an integral part of later stages in the 
development of indicators. For the present, one 

, must rely on l£ss formal notions bf the c^use- 
effect relationship that holds between input and 
output indicators, as well as on less definite 

. notions of the exact significance and predse 
impact of each individuil indicator This again 
brings out the = need for the application of 

- judgment in Interpreting these indicators. 

/* \ ^ * r 

sir - 
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International Indicfatofs 
o£ Science and Technol&gy 
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INDICATOR HIGHLIGHTS 



^ d * The relative emphasis placed by a country on 
research and development activities can be „ 
approximated bycomparing its R&D expen - A v 
ditures to its Qross National Product (CNP). 
* x During the middle and late 1960's, and. 

continuing into the early ^eventi£s,.this ratio 
generally showed a decline for the United' 

7 States, the United Kingdom, France, and * , 

Canada. The West German ratio peaked in 

— _ „ i97l'and now appears to be declining.'The 

~D.S.S.R/s positive growths ss^ms to have ^ 
; leveled off sirice 1§73.* Since thclate 1960's, 
^ japan* has gener^dly shown increases in'its 
R&D/GNPfcatio. 

q Another comparative measure of a country's 
R6tE> effort is the relationship between the 
number of scientists'and engineers (S&E s) 
*an# the population. The number of S&E s , s ^ 
* per 10,000 populatJbn in the United States 
has remained constant ~since~1972. The 1&75 
level is 10 percent lower than that of 196$, 
when this ratio peaked in the United State/ 

- * " Limited data from the other countries 

Studied showed a general increase in this 

ratitp. * ' 

• -\ ' 

o A ma|or difference between the I^StD 

programs of the United States and other 

countries relates to the .^stribution of 

Government-funds by function. Among^the 

countries for which data are available, the 

United States devotes a much higher 

" proportion of Federal R&D f urtds'to defense 

and spate-related activities, especially the 

former. 2 * " 

• * ~ * 

a The United States contributed significantly 

to the* world's scientific and technical 



* Data regarding the U-S S.ft, should be treated as 
estimates; limited information and differences in basic 
definitions make international comparisons involving the 
U.S.S.R,. very difficult. (Seethe following text for discussion 
of this point-V . „ 

* Oata for the U$£M>* are not available. 



, knowledge base. Non-U.S. autjior^ cited 
L\S. saentific publication^ 15 percent more 
(n 1975 than could be expectedTrom the LLS. 
share of the world's scientific literature— * 
. citations to r U.S. chemistry,_physicS/ *and 
Biomedical- ^research publications were 
respectively 42 percent, 30 percent, and. 26 
percent n\ore than could be expected. 

□ The United States also utilizes other nations' 
scientific findings and journals*. In 1975, 57 
percent of *the citations appearing in U.S. 
cjiemistiy publications and 49 . percent of c 
those in U.S. physicsjjublications were to * 

. _ foreign publicatforts. Those fields tinth the 
. greatest percentage of articles appearing in 
\ non-U.S.journalsinl975werefnathematics * 
and biomedical research {both 27 percent)* 
and physics and chemistry (both 24 pextent). 

a Since 19fel, US. scientists have received 53 
percent of> the Nobel Prizes-in physics, 36 * 
percent in the fostry,- a iyd 53 percent in 
physiology/mediane. 4 his "represents* 47 
laureates or 24 percent more Nobel Prize 
winners&in science tl^n during the }946- 
1960^eriod. While U.S. scientists received. 
all,or the Nojbel Prizes awarded In 19^6; the 
U.S. Jfia^e of^total prizes "has" remained at 
: al>out 5rf^>ercent since 1946./ ** 

o * Although positive/-the U.S. p'atent balance^ 
^declined almost, 47 percent between -1966 . 
and 1975. This*was due t<\ the 91 percent 4 
increase of foreign-ongiapa tenting, coupled . 
"with the leveling off and eventual decline fn : . 
/ : '*the number of foreign patents awarded to 
VS* citizens. The United States* has a 
. favorably but .declining patent balanco-with 
N Canada, the United Kingdom, and five 
European Economic Community countries 
but a negative balance with West Germany 
* and Japan. * 

.d The share of U.S.^patents granted to foreign , 
7 ' ^residents has more thandotibled in the last 
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15 years^ reaching a, level of/nore than 35 
percent in 1975.. The two countries moit^ , 
^ active in 'obtaining U.S. pa ten ts^ are West 
^ • Germany aijtd Japan, Since 1963, West 
German Uiventors^ have been granted* the 
* largest amoOnt of foreign-origin patents, 
butrjapao Js fast approaching the West 
German level. Since 1970, Japanese paten- 
ting in thetlnited States has increased more 
-ahan.100 percent in almost every /major 
industrial category. 

□ A sample of major U.S. innovations shows 
those of tfie United States to be almost 
entirely based on domestic inventions (93 
percent) and highly directed towards 
producer goods markets (47 percent). Of the 
countries studied, the United Kingdom hasv 
the- highest concefftratioit of innovations 
* ' " 'aimed at producer goods (72 percent), while 
French innovations are often directed 
toward the government rather than other 
markets.- \ \ ♦ 

~ET Since i960, the United Stajes has main- 
tained^ an increasingly positive balance of 
payments associated with ^the sale of 
technical knOw-how <pateftfs, licenses, 
manufacturing rights? etc.). Royalties and 
fees associated with direct investment ha\e 
expanded twice as^ fast as those from 
unaffiliated firms from 1966 tp 1975. U.S. 
■ technology and know-how haveieen largely 
^transferred^ to industrialized, countries 
particularly in Western Europte, with 78 
percent of direct investment-related, and 85 9 
percent of # unaffiliated purchases, being # 
made * in 1975 by developed . countries. 
Likewiser almost all of the foreign know- 



how purchased by the United States in 19/5 
came from Western Europe (73 percent) and 

* Canada (22 percent), - 

o Productivity levels \n the United States 
exceed those of France, West Germany, and 
the United Kingdom, but U.S.procluctivity 
gains betweeq I960" and 1976 were the 
smallest of the five "countries. Japanese 
productivity gains were more than five 
. times greater than U.S. increases, although , 
the} actual ^productivity level was still 40. 
percent below "that of the United States in 

T*- 

o ^he U.S. trade balance for R&D-intenSive 
nptanufactured products has been positive 
and rising since 196,0; the 1976 balance was 
five times that of I960 and 2h times the- 
1970 level. Surpluses from R&D-interisive 
product groups have had an extrernely 
important role in maintaining an overall 
Javorable U.S. trade balance, and until 1976, 
* have been more than sufficient to cover the 
increasing deficits from non-R&D-intensive 
products. „ ' - 

□ The primary R&D-intensive exports to , 
Western Europe were largely products of 
. the 'aircraft ^nd nonelectrical machinery 

# industries, ' while * chiefly nonelectrical 
machinery and chemical products were 
exported, to developing countries, and 
electrical and nonelectrical machinery to 
Canada. The negative trade balance in R&D- 
intensive products with Japan was due 
mainly to U.S. imports ' of electrical 
machinery and to a lesser degree to imports 
of professional and scientific instruments 

v and nonelectrical machinery. 



v 

The interrel.itedne-** the v\orkl i-* a 
prevalent theme of toda\ Ihi^ h^pcuaiK trm 
wifh regard to sucmc, \vhnh bv *t- verv nature 



stunitfii kmn\led>;e ha* betn-built o\er tune 
with tht contribution- of researchers an/l 
thinker* Imm all nation- / 



\> not limited bv t pohtuai boundaries but rather " ^ x 

is transnational in tharaUer I he inter , reibnolo^. xm the other Tiand, mav be le- 

nationalism of -siteme r% ba^eJ on the fait* that universal in nature a* ha- been pointed out b\ 

re-earih finding- ha\c uni\efs.il vahdiU So the recent iall Tor intermediate jur appropriate 

erne i> an auumulative i-Hort^inil th( boJ$ uf^ U*i hnolotfies .Aof particular 'environment**, 



especially . developing _ countries.* Such 
teAnologies/are labor-intensive, efficient pfl 
srnall Scales, easily serviceable, and use locally 
available materials. However, even though they , 
jjjay diffejr in their applicability pr*usefulness- 
depending on m&ny factors such as culture, 
levels of economic development, 'and market 
structure— technologies often produce global, 
impacts (i.e., nuclear % reactors and weapons^ 
communications satellites/ oral contraceptives, 
. ajnd-jet engines). TKe desire to find better' faster 
"or more efficient ways of doing things is .not 
Mimited to any particular, country or-society. 
Additionally, technologies cross national bound 
aries in many forms, including foreign trade, 
exchange or assistance programs, and the sale of 
technical knowledge. 

This chapter attempts to view U.S. science and 
technology as they interface juvd^inter^ct with 
" international scientific 5nd technological ^ 
endeavors. Indicators^arje presented to show the 
level of investment ifTresearch and development 
in various ^countries in term? of money and 
' manpower, E^affiination is also made of perfor- - 
mance measures. The extenf and significance of 
scientific research is reflected here by participa- 
tion in multinational scientific meetings and the 
.proliferation of scientific literature and cross- • 
country citations. International prizes point to 
the /prestige? of science. Indicators of 
technological activity include, among' others, 
invention and innovation patterns* international 
transactions in' technical know-how, and trade 
baTances ir> R&D-intensive products. 

International* indicators of science and^- 
technology are faced^with problems of data 
availability and, reliability, and cross-country 
t differences in definitions and concepts, 
methodologies, . and statistical reporting 



* See for example, E.F Schumacher, Small is Beauhful 
Economics as if People Mattered (New York: Harper, and Row, 
1973); Nicolas Jequire, ed.. Appropriate Technology: Problems and 
Promises '(Pans. Organisation of Kt on omit "Co-vpei a pun and 
Development, 1976); "Proposal for a Program in Appropriate 
Technology," transmitted by the Agency for International- 
Development to the Committee on International Relations, 
\J,S House of Representatives. 94th Congress. 2d Session, 
July 27, 1976. ^See also Richard S. Eckaus. Appropriate v 
Tethnfloxies ffr Developing Countries. (Washington, DC; 
Natrona! Academy of Sciences, 1977;. This report points out ^ 
that criteria,, and goals for'technological choices are often 
conflicting or inconsistent; that present understanding "of d 
both tJjd characteristics of telnnology and the methods anS 
ion sequence* of technology tcansfen <s meager, and thus it »s 
difficult ^t best to identify what an appropriate technology ~ - . 
might be. O 



procedures. 4 (or thesg reasons as weHas the fact 
that got every country allocates the same 
importance or priority to research and develop- - 
,ment, the emphasis of this chapter is more on 
understanding where the United States' fits 
within the franieworko£ trends in international 
.science and technology than on cross-country , 
comparisons in general. . 



rcsourCe&forr&d ^ _ 

Mosf"6f ihej'eSeafeh and development per- 
formed throughout the wgrld has generally Seen 
attributed to the scientific and technological 
endeavofs of seven nations. Presented here afire 
comparisons' ojf* the^ levels of financial end 
manpower resources inwsted in research and 

• development by- thes.e nations^ and a brief 
examination of the fnajor sources of support and 

• general- areas of R&D jastivity ie.g., defense, 

• r space, and* heklth). Jt should bfe noted, that 

expenditures reported for the United States and 
t the Soviet Union are for the performance of; 
'R&D alone, whife those fpr other countries 

irtclude their associated capital expenditures. 



^expenditures for R&D 

* EJirect international comparisons of the levels 
of effort devoted to research and development* 
are severely hampered by constantly fluctuating 
exchange rates a'mong iht^rnaHonal currencies 
and differences in the composition arid relative 
costs of manpower and capital inputs, into the 
R&D programs of different nations. The ia- 
dicator, used most often to circumvent these 
difficulties is the ratio of grfcss nationaLetfpen- 
' dtfures for research anrfdevelopment (GERD) to 
the Gross National - Product (GNP). This 
provides* one measure* of Jthe» fraction of a 
country's total economic output that is devoted 
to the performance of research and development 
and therefore is an indication of the level of a 
nation's R&DWfort. ■ *' / 

The Organisation of Economic Co-operation 
and Development has developed a classification 
scheme fojr countries according to their absolute. 
. and relative amounts of resources devoted to 



* The Organisation of Xtonomn. Co-opera J ion and 
Development ha* attenypied to deal ^itR. the problem of 
inter national jt&D statistics. However, many of the above 
-mentioned problems persist 



R&D^ Those countries which expefid sufficient* m 

* ly large funds dn-R&D to be able to undertake a . 
wid6 range of ^projects and which are* highly 
'Tl&D-mtetsiv^' 8 (Le.^those, which^v^ a 
GERDJGNP ratio of ovrir 1,6, percent fachide , 
the United States, the United* Kingdom, tf/est 
Germany, France, Japan, and theSoviet Unioq^-s. 
Canada 1 falls: into tKe ^roup whlcfi jdevote? 
jnoderately large sums/ io R&D (0.6 * 1.5- 

^GERD^giMP), thd^^erattHng ma>rj»fforts in . 

* offeror: two areas,; but with a smaller shared ^ f 
national resources expended W research. The 
•majority, of. the developing countries allocate ^ 
small amounts of resources to R&D in both . 

. ■ absolute and relative terms (less than 0.3 percent 
" of <3NP)7- . • ^ ^ 

During the middle and late 1^60's, the level of 
' R&D funding-, in the United States, tKe United ~ 
Kingdom, France, and Canada began, ar decline ' 
relative to the<GNP of these countries. As can be 
seer\ih Figure 1-1, available data for the United 
, kingdom, France/ and Canada do not as yetshow 
signs^of overcoming this v decline/For theUnrted 
> States,<1975 saw a slight increase m.the jajtio— 
* byt estimates for 1976 shfcw a largeldecreas.e to 
. 2.25 percent, the lowest of the period. 5 . 

; In the United States, the United Kingdom, and * 
•France, the R&D expenditure per GNP 

.-decreases over.the past several years reflect^ 
diminished share of GNP devoted * to the 
performance of R&D rather than a decrease in 
absolute levels «of funding: However/ absolute 
reductions were experienced in the Government 
- space R&D budget ii> the United States and in t 
defense *md energy R&D funds in France (see 
Appendix Table 1-3). Canada while increasing 
the . level of R&P funding, has enjoyed large 
increases in QNP in recent year§, thus account- 

. ing for decreases in the rftio of R&D e*pen-* 

; ditures toGNP v r ' ' * 




Further discussion of individual Country performance 
within each of these groups appears in "Trends in R&D 
' Between 197rand 1973 inOECDCountnes/'Srtiw Rtsou 
f Nnosfrtler. No. 1,X)ECD, September 1976. ' 

• Although OECD classifies France m^his group, m 1975 
*he French CERP/GNP ratio dropped jo IAS The USS'K * 
not "classifieS by OECD but is mentioned here because it 
would'fij into this grouping/ . * 

, 7 "Contribution of R&DStatistics to the Understanding of 
w Structural Differences Between Countries* m Mrrnl Poluv* 

Plan*, find Organiz^iion jar itirmr an& Tnhwhgy. Pflrt It, L,S. 

Congress, House Committee on Science* and Astronautics. 

93d Congress, 2d Session, 1974, p 27. 

* Estimated from National Science Foundation, National 
w PalUni* # R&D Rtrtkties. 19$3*74 (NSF 76-310;, p, Z&, and 
. (hfrmtm News* March 21/ 1977* 



During the decade 1962-72, both Japan an3 
West Germany, recorded substantial growth in 
the proportion of their GNP-directed toward 
R&D.IJetween 1972 and ^974, Japan continued 
to' increase 1^ R&D. proportion, while West 
Cfenpanysliov^dsignsotenteringaleveling-off 
period- and an eventual decline in l?76. Under- 
lying tfieir growth during this period were 
continuous large increases in R&D fundingirom 
both industry ajiU government wittij^smaller 



■"3/ 




_ prdror&on of jfche idtal earmarked fondeie^se- 
* related R&D. T^fed R&D expenditures by Japan 
--vjghcf eased at an average annual pate of neayjy 1^ 
0 .percent I*ehve^£l9c52 an^l972^anq jRose pf^i 

^I^rceht railpf growth irijR^cD expenditures in 
9 the JJnite? States* Between ^972 antf 1974, 
: Kdweyer; fetal Jl&D expenditures incased 
.abbiit 50 ^percent iri^ipan, out ofily 15 percent in 
^ West Geririariy ana 14 perceat^in the Utrltf d 
;\ .,$tat^ Sronv 1975: tfLl976> total R$D eApiav ; 
;y ; ditures Increased by* gnly $ percent itv West* 
^'Germany and*8perc^hHn the United States 
> tjplike tKe expewfen ce of the United' States and 
Frahe^r 'S(&D fcftids provided ^5y- the* 
goyeEi^mpnts of Jap^^ndW?stGeOTiany^grej^ , ' 
ajfrg.j^dly-'unfil 1973 than corresponding 
industry funds^HistoricaUy/ industry has pro 
vided over.£& percent -and 50 percent of n3jj 
„ .R&t) fjihcfe, respectively, in the 1 
^countries.* The^overnmeiit R&D fuT 
. v *~Japan ariH JV.est •QeiWny are <j^n^ercrra?» on 
^ 4 theS3vancemenNof knowIejl£e,and, to a lesser/ • 
, nt, general economic |rowth and energy ^ 
r production, tittle emphasis is given to rflilftary* * : 1 
space, or Jiealth research and development. 1 r 

: " v - ~ # " r - V 

differences in -Soviet RiD definitions ah^- 
QNP accounting , make international cojiw 
pdfesons involving the Soviet^ Union inoi3£ , 
hazardous thaU, with pthgr countries. For . 
. Instance* expenditures for s^ce^apdware o/jlie . 
t development of industrial prototypes are not . 
g^eratyy considered a* allocations in the * 
' Soviet Umbn and a#*pot included in expen- 
ditures* on~Srience, These" factors. would tend to 
deflate Soviet R&D figures relative to those of 
other nations, while certain Qther discrepancies 
% in R&D accounting definitions would tend to ^ 
Xj inflateSpvietfigi^res; therejs^ood [evidence 4ifat 
: Soviet budget ^expenditure^ on sciente-in&ude^ - 

jpinber of support personnel \ApIoyed,«R&D < * 
^stittif ions, as well as expenditures for all social 

science research including genial planning ami 
, economic forecasting, AJthougnh 4s difficult to* 

*h»t$rmine precisely how the* Soviet statistics * 



* compare, it is thought that they areVigjiifieantly 
over-e#in?ated relattveto U.S. xfata. 11 . 

^ v' ' ,5 = - 1 • - ~ a 

, R&D personnel * . t , . 

\ . . . \ - z^y 'I - 

t Figure d-2 slhowl th^nufrilier of Ji&6- 
scientists and engineers per 10,000 poptilation 
between 1965 ,and 1975 for the seven MationS 
mentioned earlier. .This indicator provides yet 

* anojfier comparison of the e^teiiS of a country's 
natriinaf R&D ^ffoi^ Since thefle aife many c 
variations in the sc^histkationlevelaiidpfoduc- 

. ti\^ty of "Rj&D inputs of naticmsz-thi? indicator 
. should' Jfc, viewed only as 3n approximate^ 
measure or thedepthand4irection of a cbui) tty's ^ 
t R^peffe^- , V' L V 

^ \ As can be seen'fronj tlie figure, the Unfted 
jStates experienced a 9 percent decline ^ liif \ 
tjou/nber of scientists and en^eef^^igag^'drin 
%&D per 10^00 irpm 1969 to 1971', then 
rcihained^at, ,a nearly dons^ahf leveFthrough 
J975." The numBer of R^D-perfo^hung s^en- 
tfets and engjnfeersjn each of the remaining 
countries .xp$e at/ a fastef rate than their 4 
resp^ctfv^p^pulations.Kot only did the prbpor- . 
^tioo ol ^MI> sqerjtistsand engineers per 16,000 
*populatioa m the United SJates. decline during 
this ftfe^od, but ihe actual number fell fr^m 
559,2($in T96$ tol521,96o in!97^ Recent data,, 
Jioweviii show "aA increase of%4Qti between 'S^^ 
1972 anl 1975* ^ " r 

I^teior^eTiB3.R.,iKouglrmdredi 
assess^ for accuracy, imply thai the r 
scientists^ and engineers Engaged 
increased by over 200,000 during 19,69-73, a 
pendd of U.S decline; (see Appejidix Table 3r2). 
However, since the Soviet ratio of scfen- 
1 tists and engiijeers^to total pgpulatiorf seems \o 

* haye fcveledroff. 1 ? % . . . ' ^ . ^ 



orediffic^tt^I^ 
he numtijBkf 

;ed in RSD. 



• Organisation for EcorOTnJ Co-operatiun and Develop^ 
n^tnU lttienuthonal Survey vf faepnn Drvotri to. Rtrp, Y$ OtCD 
t lumber Guntriet, for X963, 1967/W69, 1971, aqd 197S 
. information k pn the dlstribnUon of government K&D 
expenditures* among these fyd other areas is presented jp a 
later section of thisxhapter. t * >■ • - . "* 



* 1* Ro&ert W. Campfeelt, ^ReferenCewSoutce ^on USS.R- 
.R&D Statistics^ Indiana DrOy:ersf^ r June ISfcpp^-lB {A? 
J^tudy specifically conducted for this rtpurt), ^ 
v IJ The L f S. dethne is due «n large part to^decreases in the 
' employ menf o4stienM«M and engineenr^space anddeFense 
. delated R*fl^ Sefl^Jh^^Industrtal ano^inovation^ 
chapter of this*refort fbtfurther details. . - v £ \ / 
* 3 There' are^merous problems inyolved in^c^inparirig 
. U^and Sc^We^sdentiric manpower staltistics, bur atUrnptj 
rave beeA mrde here to*present figureV representing 
closely" as possible 'U^: definitions of fu%time^uivalent 
?Sent^ts and en^neers. Questions as^'ihe <iual^Jty of 
rtaming in either country are notao*dresse&here. However, 
for some discussion 1 of comparability of e^w tional training 
and "degrees awarded see* Roger, ^fGUjalley, Soviet 
Professional Scientific an^ Technical Manpower 
iWashmgton D,C~ Defense Intelligence Agency, i^76)/pp. 
9-36.'. • , " •« " . 




In Japan, the United States, and the Soviet b 
Union rite R&D science and engineering man- 
power ratio generally paralleled the trends in the * 
respective R&D/GNP ratios mentioned earlier 
In Canada and West Germany the R&t> ?>an- 
-power ratio ctfntinuec^o increase even when the 
R^D/GN^iatio dec«sed. 
* / ^ . %£ m • : / j~ - 

Goverhmenf-funded R&D / 

Governments generally provide Skids for 
^fe&D limyeas which are nationaliri scope or are 
of particular ^nffrest to^the government jind . 
their ci tizetfs but which are nonsupported by the 
^private Rector for, reasons of high risfcor 
; insufficient incentive. Thus support ii provided 
/or -basic research, national defense, space 
exploration, public health, and Economic 
deyelDpmeijhHow A government distributes its 
.funds $mong th&R&D program^ in these and 
dth,er areas Js a good indication of national 
priorities*. . . *" - \ U \ 



At empts have been made by^the.OrganMation 
for Lconomic Cooperation and«Developmen£ 
(OEfD) to determine how its membercoun tries 
are allocating R&D funds #kmong va*rious 
objectives or priorities- Certain limitations ajxA 
caveats should be kept i,n mind in reading the 
following section which 3eals with the OECD 9 
effort ta categorize national jgQvernmentR&D 
jfunds. The data may not beas ftiternationally 
comparable as other OECf? data because ihe. 
surveyis still inthe early^stages of development 

•there is uneven experience among rjations in 
collecting' such data, and a more uniform 
approach a^' agreement, oh some technical 
problems is still needed. An initial attempt was 
made to categorize R&D funds.by objective for . 
thenars p61%1972™ OECD then-anade- 
refinements in the cftssifuSi Hon methodology in 
line with the Proposed S&tdard Practice for Surveys?? 
Fpearch and Experiment* Development (Frascati 
Manual) as well as guidelines developed by the 
European Economic Cdmigtunity {EEC) and fhe 
Scaadinavian Coundl, ior^ Applied Research 
(NordfonkX Data for more recent years were 

.collected" in the International Survey of the 
Resources Devoted to . R&D in 1973, and 
released in a 1977 report. 15 A strict matdrv 
between th&curreni and former OECD detailed " 
classification? does not exist but a close cor- 
respondence on an aggregated level does permit 
general observations. of national priorities and 
thrusts. 16 The results ;df the^studSes^hQuld be. 

"considered experimental 4>r prrelinunary in 

\ nature and may differ slightly fromo ther OECd 
survey <dajta/or from data available* in national ^ 
publications. FinallyJfche distribution pattern of * 
R^D expenditures discussed here limited to 
funding by goVei^unerits because data on R&D 
funding by the private sector categorized by. 
similar objectives are noi a£ailable,_even for the 
United States. 

Government expenditures ' foV R&& are 

classified in tb the following categories: * . 
* .5- ' - 

National Defense, encompassing all- R&D 
directly reiafed to 4 miltary purposes, in- 
cluding space aijcl nuclear energy activities** 

' ofia military character; 



^Organisation for Economic Co-operalionawl Develop* 
ment, Oangin$ Pmntus for Gtotrnmnii R&D {Pans: OECD, 
1975). * . o, , - 

Or&anwatton fox Econom*. Co~opefahon and Develop 
men!, lnlmutfmai Salt^nul Ye*r~t973. Tht Obtaiivo tf. 
Gowrnwnt.R&D funding 1970*76 Vcl ZtBI (Parisr OECD, 
1977)^ -r - . 



Sjwe, including atfciyilian space R&D such 4? 
manned space, flight programs and scientific 

* investigations in space; 

Energy Production, consisting of all R&D 
' activities aimed, at the supply, production, 
v consewatiaif,anddbtributiQnof all forms of 
" energy except .as means ~or propulsion for 
^vehicles and rockets^ 

Economic Diogopment, which covers R&D in a 

* wide -range of fields including: agriculture, 
. • f o res t ry A and fishenes; mining and manufac- 
turing; transportation^ telecommunications 
(including ^atelBte,<ommurucations), con- 

. ^structjon, urban and rural planning, and , 
utilities^ | - ♦ 

l^&eaUk; encbmpassirig *R&D in all of jhe 
medical sciences, and in health service 
management directed toward the protection 
and improvement of human health; 

Community Services, which mcludes R&D for w 
such purposes as environmental protection^ 
educational* methods, soaal and develop* 
merit services, firfe and/crtr^s disaster 
. . prevention, planning and statistics, recrea- 
^tion and culture, law ^n^xWer; and 

* Advancement oj knowledge, contaihc R&D ofca 
general nature or spanning •serosal mas 
which cannot! be attributed to gp^cific 
objectives; it consists'pf R&D expenditures 
of science councils, private nonprofit 'in- 
stitutes, fend general university funds. 

• • ' m 

£ A^fcan be seen in Jigure 1-3, the United States 
differs significantly from other major R&D 
performing nattonsA that a larger percentage of . 
iis Government JK&D funds is allocated to 
defense jmd spa<fe prpgrams.*" In 1974-75, the 
United States allocated almost 51 percent of its 
'Government R&D, funding to defense related 
programs and an additional ^percent to space 
R&D, Thi United kingdom spent 47 percent in 
the area of defense in 1974-75 and 2 percent on 
space, while France spent 30 percent on national 
defense in' 1975 and % percent on space -these 
coun tries were the closest to the United States in 
those categories. The United States, on a 
percentage basis, allocated a comparatively small 
sha£0 fqr the advancement of knowledge (4 



percent in 1974-75) 1 * while government-funded 
R&D in other countries was heavily caijqen- ' 
«trated in this area— particularly jattSn (55 r 
.percent in 1974-75) and West Genrfarjy {51. 
percent in 1975). It should be emphasize^ 
however, that for the United States, general 
university funds ar,e not included, in this 
category and that since World Y{gr Il : ^ nti l 
recently, the governments 'of West-Germany ^ 
and japan ha^e not funded any significant * 
amounts of defense-related R&D, and Only * 
negligible amounts of space-related activities. 
'Canada (14 percent} and West Germany (11 
percent)* allotted more national government 
funds to energy Jhan did the other countries, # 
who allocated on an average $ fa 9 percent of " 
their budget to this area. 




There were some similarities in way the 
vanous governments changed their R&D fun- j 
ding patterns during the 1961-75 jjeriocL For 
instance, in each country the prcjpqrtiort of total - 
R&D expenditures^allocated tq*U|enSe-reIated 
'activities declined, lite trend shown during this 
decade implies a definite shifting^from military 
R&D applications to areas of domestic concern 
and the advancement of Knowledge, even 
though the absolute magniti^^fJft&DVxf^^ 
ditures for ^national defense ' continued to 
increase m all coimtries during thisperiod except 
fpr Canada and France,,whose defense expen- 
ditures decreased m 1970^71^nd then rose again m _ 
in 1974-75; , > */ ' 

' In each. "cbuntry the*percentage # of funds* 
devoted to the advancement of knowledge and 
economic; development increased except Jf or / 
Japan, whose share remained at the same jtfgh 
level The greatest change over; the periq^ in 

, Canadian funding iKcutre^ in the areis of 
defense and health, from 1961-62 to 1974-75*, 
the share of government R&D expenditures' 
devoted to defease decreasedfrom 24 percent to 
8 percent, while those, devoted to health 

* increased from 4 percent to 9j>erctat.*Franc^ 
decreased its share of funds d^votra to energy ^ 
over the period from 25 percent id 9 percent 
while the share of lunds devoted to economic 
development increased from* 6 percent to 26 
percent. In W^st.Germany, the share of funds 
devoted to die advancement "of knowledge 
increased dramatically from 3£ to 5lj>ercent. * 



Distribution data are not available for the VSSJL; it isa 
controversial ^f\&A* yet unresolved issue as to whether 
Soviet miliary RkU is included in reported total Kim) 
expenditures, \ - * * - 



"Fcj current information on the distribution oj US 
(^ernmentexpertditures fa * 
report entitled "Resource* for RkD" 

' \1 




THE INTERNATION. 

The international corrjiaunity of scientists-has, 
teen fostered by ^mUtaational meetings and 
travel, Joint j^seartf efforts, iofprnjal com- 
murtic^tion between scientists, and the publica-: 
=tion of research findings in vrid^Iy, circulated 
journals* In addition, many formal arrangements 
have Sera established to ensure international 
scientific (X^erationind ihe^chairge 6£4ata^ 
among th^m l^te^igre^n.en& jnSfilateird 
irrangemwits such as the specialized scientific 
agencies of the United Natioits* and an array of 
nongovernmental assodations for the advance 
ment of science* and exchange of scientific 
information, such as those encompassed in the 
Internationa] Ctfunril of Sdenfinc Unions 
GCSU). ♦ - . \ 

This section, 'presents indicators which 
attempt tjpt measure die extenjt, influence, and 
nahire.^^ international science. Several in 
dicators are* provided ^to describe ihe scientific 
aftd ,tedinicaI_information flow between the 
United States anjj the rest.fcf the world, 
including .measures* of the US^ share of the 
j£orH Jiteratu* e in vanous fields, who publishes 

- irt US; joflrnalsand who cites U*S. publications, 
"as well as international publishing, referencing - 
and cooperative authorship by U.S. authors. 
Scientific interaction may be inferred from the 
degree of partidpation in international scientific 
meetings. The distribution of international 
j>rizes is also offered as an indication of 

: ; ^niffcant advancement in several fields. 



Scientif^t literature- » 

Research rtoprts published m scientific and 
- technical jounials are one of the more direct 
% outputs of saentiBe^ffort* A *Such reports add to 



measures of the 
Sieve Woolgas, 
ftinatsonof \\a 



i* For discussions of puljicationij 

"TMitpjrt of science, see Nigel Gilbert 

-"The Quantitative Study of Science- An 
*Litera ture,7 Site** Stmduy > oL 4 pp, £?hZ94, Henry 

Menard, Stunu, Gr&ptk end Cke*& (Cambnd&K Harvard 
Umversitj Press, 1974>, Derek J, dt SxAl*Ft£ t L 
Bi$ Same CNejv Yori* Columbia L ru versi t> Press, 1 and 

^ Francis Nann, et at»£au*MJtat ^^m. Tit ux^ FmbLtfiu^ 

' aW GlMi{*n Aa*ly>& m tht ttml*ei*vh # Ixxmtfa Af* «i> v Ch errj 
flilt NJj Computer Horizons, fee, 1976). 



the body of scientific knowledge and may 
-* stimulate further research. The findings ofthe 
research^ in addition, may be used in a variety of 
practical applications, many of which are unan- 
ticipated at the time the jresearth is done. 
Although the reports may vary considerably in 
their theoretical and practical Importance, 'the 
.critical revie^v which usually precedes publica- 
tion helps to ^nsu re^that t he reports have some 
degree of sdentific or technical significance.^ 
- * *^>- 

Indicators based on research xeports, how- 
ever, have several limitations when used for 
international comparison*, providing ^ good 

, . reasons for* caution iri use and interpretation. 
For example^ Ske results of litepatuje analysis 
depend heavily on the seiof journals selected for 
examination. 20 National customs or restraints, 
on the space available per publication can affectl 
these results, reducing, the space availablerfbr^ - 
references; however, the impact of this cutback 
on international citing is unknown. Other 
factors that affect the publication of scientific 
and technical literature are the availability of , 
funding for preparing Tand printing the report, 

. journal refereeing and publishing policies and 
the UkeAall of which undoubtedly vary from, 
country- tcHcountry and. across different fields. 

The indicators provided in this section help* 
describe the role of the United States in the 
work! of saenceand- tedniblogy, and t3ie extent 
to which US. scientists and engineers depend on 
the published literature and publication facilities 
that other countries make available to them. 
More specifically, there are indicator^ -to es- 
timate the 13.S, share of the world literature of 
sdence and technology; show who publishes in 
"U-S/ journals^ indicate who cites U.ST 
publications; - illustrate * the' international 
publishing by authors arid their referencing 
of other nations' li terature; and. measure the _ 
. international cooperative ^ctthorship t)f US. 
publications. m ■ . . * - \ + m . & 

Recent, information on the number of U-S* "~- 
r scientific and Jechnical judications as a share of * 



^Relent investigations conducted m the preparation of 
this, report indkate that. the 4,400 |Ourru!s of the Skmui 
"aWi** IrJix punished by the institute of Saenufkjnforma 
ion auy not reflect for even the major nations .The exact 
distributforOof their overall literature. The grublem 4 s more 
severe /or the L'^.S.R. and Japan. In the treatment of S.CL . 
data here, emphasis H placed on ILS. literature. 



all worid literature $\6y& considerable stability. 
As Table 1-4 indicates belQw, almost 40 percent 
of the world's scientific and technical journal 
literature is accountedibr by U.S.authors. 21 Fdr 
psychology, the U.S. proportion is about 75 
, percent whereas U.S. chemistry and physics 
publications are only 22 andr32*percent, respec- 
tively;* - : r , * 




Countries of au thors^writ ing i&rU.S. journals. 

- Journals published in the United States serve as* . 
vehicle for the- dissemination \>f the results of 

:* - world sd&ntific and techruilogy^effohs. Othfcr 
countries^ journals also serve this purpose, 
although ' among- " the seven major R&D- 
producing nations, only the United Kingdom and 
West Germany exceed the United States in the 
proportion of their^ournajfe' articles, ufhich 

* * originate outside the couhlary, 2 ^ w 

field of sueixe for eati* publication was derived , 
from thefieldoi field* to wh*J> * i* j«jui rial h/d been *»i&neil 
TBe nationality of art author js based onhis organization oi 
institution, *When more than one country. i> involved *n 
multiple authorship, the publication *» assigned fiaUiorwIij 
4 totheccwntnesinvolved* t ' 
» Computer Horizons/ Inc, unpublished data. u 
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.Although U.S/"authdrs provided* the 
preponderance oLgubfications appearing in U S 6, 
journals (see Figurje 1-5), this proportion varies 
considerably by field, from a high of 84 percent 
in psychology^ (which we have already seen as 
highly dominated by U-S- authors), to the mu ch 
lower shares o£55 percent for chemistry and 66 
percent ifc physics. In fl^ese fa^ fields, not-only 
are*thens proportionately more authors writing 
in U.S/ [pujgiak from the other, major R&D 
nations, but considerably mor^ from the smaller 
natio/s as a group as welL r . — — f 

* »» 

fen non r U,S. scientific s and * technical 
research results are published in U-S. journals, . 

e findings are readily useable by the U.S. 
ci en tific community, \yith little delay.. This is 
tdvantageous for UJx scientists, while £t the 
same time it provides a forum ior significant 
research results. In four fields, 23 substantially 
more publications by non-U.S. authors appear in 
USt journals than U.S* fitfcratfire in non-U-S- 
journals^ f ' - / 



Influence of U.S. literature. The U.S 
ttfic and^tedinical literature is jyidely cited 
publications of all countries. Table 1-6 sho 
distribution of the citations {Le„ referen 
U.S. literature from the*197S world litd 
nearly 50 percent of all citations. Chemif try and 
physics again are the U.S. fields which a :e most 
used by non-U.S. -scientists, while psychology 
"> citations taU.S. literature cdmekrgely from the 
United States itself. The United Kingdorrfis the 
second largest contributor of citations to U.S* 
literature in every field (See Appen$ixTable 1- 
6)> * 




« Chemistry, engineering ;a^f technology^ corneal 
medidne, and physics, . «<Z7~ f 
i^J ** Alth^gft^eUSSJLcont^ * 
t of citations toL\S. literature frointnese seiren countries, this 
1 ma y result from speua! pruWem* of thai country V scientific 
information system as described m Nilimov^and ZM 
„ Mul'chenko, Naukmdn*. (Moscow, fiauka, 1969), and Yakov 
M R«ibin, *NauWedeme* The Stud/of Scientific Research 
in the Soviet UntonfMmtn*, VoL U (Spring 1976), pp. 61- , 

n : . ■••/ . r 
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That the United States should have large 
fractions of the citations tg the world literature 
is irr part a consequence of the large share of the 
world literature it produces (see Table l^J. 
"Citation ratios" are one way to correct for this 
factor. Citation ratios are Eased on the belief that 
the most significant or influentiaf literature wall 
be more frequently cited than the routine 
literature.. In support of -this assumption are a 
number of studies which demonstrate high 
correlation between citations to $n authori 
work and other measures of scientific impor- 
tance, such as judgments of researchers in the 
field* 



V 



«See "QuHoa Analysts.*. A New Too! for Science 
Administrator/' Setter. VbL IBS U9751 pp. 429-432; 
Jonathan R. Cole and Stephen Co\t,$oct*IStrahfiC6im tn Science 
(Chicago: University of Chicago Press* \$7Z); Eugene 
GarfiekJ, "Citation Analysts as a Too! in Journal Evalua Hon," 
Science. Vol 175 (1972), pp. 471-478; J, Margolis, "Citation - 
Indexing, and Evaluation of Scientific Vipexsfjcunce, Vol 
•155 (1967), yp. 1213-1219; C Roger Myers, "Journat 
Citations and Scientific Eminence in Contemporary Psy* 
d\ology,~ American Pspk&pst, Vol 25 (1970) pp 1041 1048,,/ 
and S- M taWani, "Ci tit ion Analysts and the Quality of 
Scientific Productivity/ Bi*w** Vol 27 (January, 1977), pp. 
26-34. x 



However, some articles may fail to be noticed 

-^»^i£p^PntigKJn npfr Ii^vp yrpyg fn them, 

afthou^Rliiris-dT^ 

^ a nation's-icientific literature is itselran impor- 
tant aspect of the intemation1tlism/of science. 
Articles may be heavily cited j€nly /for the 
criticisms they provoke, or because they deal 
with minor improvements in -inethodblogy. 
Authors in sorrje countries may rite enly a few 
outstanding references foj reasons $<kh as 

% Journal space limitations, whde sim^saerjtists. 
in otfier countries may. give more complete 
citations. The particular choice of a sample of 
Journals to be examined canTtave"an effect on 
international comparisons if countries do ryrt 
have approprlaf&tfepresentation in the sampl^ 

The citation ratter presented in Table 1-7 
are based oixitations from the world's literature 
to P.S. literature, adjusted to accoutnt for the 
share of publications associated with the United 
States in each field* 

As is the case in all countries, self-citing is 
higher than citing fipm othej nations. 26 In Table 
1-7,1 the dtation ratios of U.S. authors toward 
.their own counties scientific and , technical 
literature is in the range of 25 to 95 ^percent 
greater than expected (ratios of 1.25 and 1.95k 
indicating a greater or lesser use of U.S, 
literature by U-S- authors in different fields. The 
most! influential fielcfcTof U-S. literature as 
red by this indicator of world literature - 
en by non-U.S. authors to be chemistry 
and physics (1^0), followed closely by 
Beat research (1.26). *The English- 
language obstacle to the^riting of. U.S. 
publications appears to be substantial in the 
three fields of biomedical research, chemistry, 
and engineering and technology, only small 
differences occur in psychology and clinical 
medicine vyhep the language barrier is re- 
moved. 27 ^ 

U.S. publication iri^ the tyorld's journals* 
Although U.S. authors publish largely, in U.S. 
journals (see Figure 1-8), there is considerable 
variation across fields,^Jrom 89 percept in 
psychology and 88 percent in engineering and 




* Self-citing as used here means an author ating 
publications by scientists and engineers from his own 
country, not citing just his own work. 

** By contrasting tfce cttabon ratios of, Canada and the 
United Kingdom combined^ with the other non-US. 
countries as a group, estimates of the English-language 
obstacle can be made, v , 
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Pefceflttfistribufion of publications 1 bxU.S. 
authors, ivcotmtryof journal anclfia!4 1975 -v 

. ^ . ir»i* .ar ad 40 sa jbo 70 aa » 10a 




<Baud m ti&3t*fa00+* m cms ft* Ulster * ttt2«03 
■rv^grefr at aeSorCTCCCTWc Carport top<;13g. 



technology, to*bnIy*73 percent in mathematics 
and In Homedicalcesearch.The United Kingdpm 
is thfcnext most cammon country of publication 
for U.S. scientific and technical literature* 
particularly in biomedical research 

The Influente ol other nations on U-S. 
sd entif icand technical literature. U.S. sa en tis ts 
and engineers draw rather widely from world 
science, as evidenced hy theircitationsOable 1- 
9). U.S* chemistry and physics' are,* by this 
measure, more involved ininternational science, 
while the U.S. psychology and clinical medicine 
^rteratures* 4iave the „ lowest use of non-U S 
publications. The Janguage barrier' /I escribed 
aboVfe undoubtedly prevents more use of Soviet 



literature by U.S. scientists and engineers while 
the greater share pf Japanese journals published 
in English may be responsible for bringing it to 
" e usage level of the French and West German 



itei*ature, 



International ^cooperation pf US, authors. 
Because collatJbrafion oii research projects is an 
increasing form of organization „ f of R&D, 
particularly where long-term research agenda: 
are being pursued/ much scientific and technical 
literature is produced by nior£ than one au thor: 
When these collaborators are located in the same 
institution, or' organization, joint writing of 
papers is facilitated. Tt is muchless cqmmon for 
such cooperative work to proceed at different 
places, let alone m different countries. Figure 1- 
10 provides a measure of the international 
cooperation of U.S. authors, where "cooperative 
authorship" is defined as existing not simply 
when there is more than one author, but rather 
when authors are known to work either in 
different organizations or in different ^coun- 
tries. 2 * . . / ' ' • * — * 



** It is to be noted thaHhe percents shown in Figure 1 -10 * 
do noi reflect the proportion of articles with more than one 
author, hut raiher the proportion of cooperatt velj jhrthored „. 
ISJS. publxatwn> whose author* were front more than on£ 
organization* v . 
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International cooperative autbonhip of 
U. author* as z percent of all U. S* 
cooperative aothoohip by fyM, 1973* 




science in other countries. Wide fluctuations 
exist in 'participation from year %o year* depen- 
ding on such factors as the number and location 
of meetings**and the amount of furids available 
for travel. Figure 1*11 shows tKe participation in, 
international congressesof those organizations 
constituting the International Council of Sden% 
tific Unions in recent years. M 'can t>e seerr, / 
foreign participation has grown rapidly from 

2 ~ \ * - ' * - 

** tor JnsUnce, non-U-S. partSdpaKdn. experienced -a 
dramatic increase in 1966, a year in wnidi a number ofla rge 
tdngresses were field* overseas and virtually no major 
meetings took place in the United S ta tes % Many congresses 
are on a 3 or 4 year tyde 'Peaks in attendance patternsatso 
reflect the larger number of congresses hejdin<£rtain years: 



< 



Index C*9tc*l**> , 7 

'St/KufrTjMt 1-5 far i* abfBAkdbdtd ■ Pcx fofcH 



Nearly, ^5 percent of the # cooperatively 
- authored U.S. mathematical publications W£re 
across national boundaries, compared to 8 

* percent in clinical medidrie and 9 percent in 
psychology* Chemistry* physics, and tfie earth 

<" aryl space sderices have almost 'identical inter* 
* national cooperative authorship rates^-just 
under 25 percent* w ? * 

\ . • . • 

: ' ~ \ ' " ■ .7, 

Participation ia international congresses 

* "The partidpation of scientists in international 
meetings is an important method for the cross-, 
fertilization pf ideas and exchange of informal 
Hon, Many contacts made at these meetings later 
turn into .working relationships, or sources of 
communication about new ^developments in 
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, _ ^ ; " ' 1961-62 tp 1975-76 while U-S. participation has 
• * increased at a more moderate rate and even 
experienced a 17 percent drop^front 1973-74 to - 
. * 1975-76^ OveY*the fifteen year perio&^the 
_ number T>f U.S> participants attending Jnfer- 
, * a ; nationalmeetings increased fay &3 percent^yhile 
the number of npn-U.S. w participants alnvost 
' - -doiibled^an encouraging sign for, worldwide. 
V. * - " scientific interaction, 



International prizes 

* ^ V 

. International prizes for excellence in saentific 
research are viewed by some as measures 6f the 
output of a nation's scientific endeavors, while 
Others argue that they are not directly related to 
national- research efforts^ They arex however, 
useful as an indication of the prestige of science 
and may act to * highlight and map singular 
developments which significantly advance the , 
state of ihd art in a particular field. 

By fer^the most widely recognized jhter* 
national scientific honor is the Nobel Prize, 
nwhich is awarded? annually in the. fields of 
* physics, chemistry; and physiology/medicine (as 
. well a$ literature, economics and peade). As with 
I any such award, the Nobel Prize has b£en subject 
, to some criticisms of subjectivity in the selection 
process and over-emphasis of the competitive, 
compared to the cooperative, aspects of science. 
In addition, the small number of fields in which 
the hjobel Prize is given «Dvxuusly limits both the 
scope of scientific fieldsvetftfered and the actual 
. . number ,of prize- winners. However, the degree 
of public and scholarly attention afforded the 
NobeJPfizes and their recipients in itself justifies, 
^treatment* of the subjects Science is an ac% 
^qumulative, endeavor, so that past excellence is 
supportive of future ^forts. The prestige and 
international recognition associated with the 
Nobel, Prize often enhances the reputation of 
research in the^ laureate s field and country. This 
.in turn 'tends to attract bright and capable 
'sttufems and stimulate further' innovative 
; ,ac^vity4n nation^ research effort. 



<the foundation pf the tyobel Prizes can be 
attributed to the genef dsity of Alfred Bernhard 
# # Nobel* 30 The prize for economics is the only one 
. \ ndl directly established by Nobel. Since 1969, 



^ when ihe./Nobel Prize in this field was fir$t , 
7 awarded, U,S. economists have received six, 
while prizes have also been presented to 4n^ 
economist from each of the fpllowing countries. . 
the .United Kingdom, Austria, Norway, Sweden, . 
. the Netherlands, and the Soviet UniofL v . 

\ 'f he number of Nobel Prize laureates in die* 
s&enpes are presentedinPigurel-12byfieldand 
d#te "of award for those ojuntnes^holding a 
majority of theorizes, AlthoUgn the prizes are 
presented to IndTviduals, information as to the 
location in which the outstanding work was^ 
peJrfojroed provides some evidence a$ tp^ffte 
relate quality of scientific research heing * 
performed" in those countries. Thus the prizes • ' 
arepassigned here to the laureate's country of . 
wojrfitrather than country of birihuThe prizes 
are categorized in terms of the year of award, but 
&s ^fte average time lag between the actual * 
research and the bestowal of f he Nobel Prize 
varies between"12 and 14 years, 31 a very general 
idea as to the .relative health of research in a * 
particular country at a point lh time can be had . . 
by aiding back one period in the graphs. 

C^re must he taken |n country comparisons, 
,becajuse each laureate was counted as though a* 
single prize had been awarded, thus, con- 
tributions may be slightly inflated when the . 
a warp is sharfd^by scientists wprkirig in the 
samd country. This mode of tabulating Nobel 
.Prizes was judged pref erable, however, to that of 
* counting fractions of awards* for a number of 
reasons, among 4 which is the fact that assigning 
fractional awards discriminates against the often „ 
occurring multiple " awards shared between 
people who did essentially different work.* 2 
Even when the prize is shared for essentially the 
, same work, tjie research is often conducted 
independently as in the-case of the 1976 physics 
. laureates Samuel CX^ Ting and J3urton Richtgr, 
_ who won the prize for their . simultaneous but 
separate discoveries of a new particle in 1974., 



™ A^etaiW*(XOunlofiheJtfcofNobelthc«ubli5hment 
of the various prizes and their adnumfttratiunianbg founds 
Nbfct Iht Man and Hi> Prim (Stockholm, Nobel Foundation, 



M However, substantial variation in the lag time exists. 
See the following footnote for ah example. 

« For instance^ the X97Z Nobel Prize for 
Phystoiogy/Medtane was shared between Karl Rater von 
Fnsch {West Germany) forlus work with bees in the 1920 s, 
Kqnrad Loreife (VYest Germany) for his behaviorist psy- 
chiatric studies in the 193tfr, and Njkojass ITinbcrgen 
(United Kingdom) for his 1942 work with baby gulls* 
Although .the three men were ated for "their 4»covenes 
turner nmg^he arg*m&«tion and elicitatton of individual^ t\d 
social beKavior patterns," theit research was not many way 
physically ©^temporally connected * *- 
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». figure 1-12 indirate that although it ranged , 
very low in the nuntber of physics laureates 
during I901-3Q, the United States improved in 
the number pf prizes assjgne.d to its scientists— 
> .during 1931-45, -and came to dominate* the field 
from 194610 thg present: The*United Kingdom- ' 
is second tg)th in total prizes given tp,pl}ysidsts * 
and, in physics^ prizes awarded its scientists.- 
Juringjhe most N f Jcent period, 1961-76. Ger- 
many ranks third in total prizes^yrarded toJtS 
.scientists, in th£ field of phy&c£. Another- 
countries accounted for 33 percenfof alFNobd.. 
Prizes fii the field ci physics, withFranceihd the 
Sovie t Union together respQnsibl^^ 
of these "other country" prizes {see Appendix 
Table 1-12). , " 




Awards in the, field^f chejpistry weremost_ 
often presented to Cernnan^dentists from 1901 
to 1945; hov^ver^chemilis in theUnited States 
• and the United Kingdom have most bftenjbeen* 
awarded the prizes since 19457 German sfcjeii- * 
tists, have irtceived . 27 jfercent of the total 
chemistry awards wfale chemists in theUrited'-* 
^States and* the United .Kingdom haye each 
\ obtained' 24 percent . ^ ' . \ 

K Sinc^ a946, Nobel Prizes 'in the field of * 
physiqfcgytoiedjcine have most pftenf (Wen 
awarded tojXS. researchers £nd medical ?dei\- 
tists. However, in the most recent period (1961- ; 
76),. there was a substantial increase in* fhe 
number oL Nobel Prizes presented $p Uip 
sdentists iri thi? field* Nobel Prizes in, 
' physiolo^y/medidne are less concentrated f in - m 
terms of nationalities of laureatesihan any dther- 
-" 'field. 7* ' _ , 

, * ExSminationof Egtire 1-13 shofrs that since - 
• the initiation *of the H<*el Prize 3n 190}, 
sdentists in the United Stsaitesjiave received the 
greatest number of a wartlsin all f iddscom^lned, 
surpassing jjiii other countries since,theLl93i-45 . 
pfe*riofI v Evdn though U.S. srientfetsreraved;£H- 

, the Nobel Prizes awarded in 1976, thguiB. share 
* of total prizes has remained at a fairly torisfan t 
level of aboitf 50 percent over thef period since 
1946. Dilring the period 196l-76rsrfentis*s in 
the UnitedHStates were awarded a •smaller 
percentage of prizes in "chemistry and: 
physiology/medidne than^ip the previous fifteen 

- " years, with"tinly a slighHncrease showuigtf or^ 
physics. U.S* srieqtisfe receded 53 percent of the 
prizes for physics, 3£ percentf fcr chemistry, and 
-53 percent for physiology/medidne irt 1961*76, 

Additionally, Jn proportidn to each nation's 
population, *US. gdjentfcts have received a 




smaller^propprtion of prjzes fh£n $h& Uhifed # 
, Kingdbm in each deradeVmee. 1^01 JjjRg ure 1-' * v * 

14), Intact, nsingjthis indicator, suck countries . „ 
" ^ak fKe jsletheriaitds and Switzerland have 
, received a relatively greater number of prizes in 
*. some years thiln either the United States or .the/, ^ ( , 

United Kingdom (see Appendix Table^l-14). 

* Afthough the>Nobfe^Prize^ con^ideredjjy far r 
, * \ the most prestigious scientific award, tKere.are 
r w similar distinctions'for jthose aieas ofsdence'not 
covered by the Nobel^fifre * The Fields Medalfor 
Mathematics is pntf example- 'Established in v 
1936, the medaFis awarded at eachlnWrtstfipnaU " 
Congress of*Mathehiaficians ori a qiiaclrennial 
^ basis.. So far the Unitedj^ates has received the 
largest percentile of *~*nedafs .<35 percent},./, 
followed'by Fra^ce^20 percent) and thellnijtecf ^ 
Kingdom {l^^rcent). Single medals hax* been * 
presented to mathematicians from the Soviet 
, , 4jnion, i^aly, Sweden, Finland, Norway/ ar * 
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:iibfi5otOGltAL iNVj^ON 
:^ >i^lNNOVATION . 

„ ^ firteniational patterns iiv technological inven- 
tion and innovation are pjesepjed in this section 

* * along with data on the r&e or the Unit ed States 

in disseminating tedtaic^lcnovHiQVv.The&rm 
'^rjvention" isCdifferentiated from^'inrtovatiorv'' 
. in that^inveiition'' is £ stage Jn the innovsfiftn 

* process and cpnsistf^in the demonstration of^a 
\ new, technicaRcfea Rebuilding and testing of 

V a wprtc^ble ^ample of a new process/ deviee/or 
lisaljI^OTatenaL^^echnological innovation" is 
: ^ere'de&ieS* a% Hie Irftroductiqq of n$ty or 
/ injgroved jprodudts, processes or services injp 

- v general ^ise. Examination is made of patents 
> . granted in 4fie % United States and abroad, 

-^including the identification bf industrial areas in 
p Cwliich^oreignexpeQi^andrinvolvemen^ in U.S. 
. .patenting activity^ seem to be high. Various 
government, policies aimed at fostering innova- 
tion are discussed as well as the degree to which 
. countries rely on, their own^pventions when. 
" . introdudng innovations. Indicators of the extent 
ojE US, transactions in .the purchase and saTe of 
ir^angible property such as patents, licenses, and 
. " m manufacturing rights serve here as ah indicator 
of US. involvement in internaribnal technolpgy 

The patent balance * * * " 

r- - . >; * ~P ■ 

. A Patents, which represent actual or potential 
advances in technology, canserve as an indicator 
#f the inventive outfit of different countries. 
■ ^invei\tions of new products and processes must 
be of- sufficient originality to be patented, but 
, * * their technical and economic Significance .can 

- r, v *iy substantially* 33 Patents; furthermore, are 

: granted in variotis countries on the basis of 
differing criteria. The rigor pf tests f orpiiginab- 

* ty/Vafy/as does the.extent and effectiveness of 
* * protection afforded* by the patent. . * r 

/ For these ,r£asons/ihe* absolute number of 
'I patents granted bylndividual countries is not an 
adequate indicator for the purposes of inter* 

* national <#mparisons. Jt is more meaningful to 
• compare the number of "patents granted f o 

nationals with, those, granted to foreigners in 
I Q each country. 5ijtce it is generally more costly to 



# » The*re is reason to believe that many potentially valuable 
inventions ane not patented but rather are classified as trade 
? ^secrets by corporations. * f ' 



obtain a patent in a foreign country, an index 54 
has been developed which reflects the relative 
success of cpuji tries * producing inventions tflf 
sufficient poter^i^l significance to WarrarU 
international patent protection. , 

- figure 1-15 presents ithe tot^l nucpper of 
^patents granted to U.S. nationals byien^coun- 
tries (Canada, West (Jpnnany, Japan, U.S.S-R-/ 
the United Kingdom, .and the following five 
European Economic Community countries as a 
group: Belgium, Denmark, Ireland, Luxem- ^ 
bourg, and ^ the Netherlands^ the number 
granted to nationals of these countries by the 

^United States, ar^d the fesuiting J U.S s balance.* 5 
These countries are major trading partners with 

*the United JStates, and Were responsible «for 72 , 
percent of all foreign patenting in this country * 
during . . 

The patent balance of the United States fell* 
about 47 percent between 1966 and 1975,; as 
sBbwn in Figure 1-15. The decline was due 
•to an increasing number of y.S» ^patents or 
foreign origin and' a leveling cf£ and eventual 
decline in 1973-75 in the number of foreign * 
patents awarded to, U.S. Citizens, foreign ' 
patenting increased overall in the United States 
during the period by 91 percent Jn fact, the 
, share of US* ^patents granted to foreign 
* residents has more than-doubled in tfye last 15/ 
years, reaching al^vel of35j>efcentin , 
Japan^ftas played ^a major roje in the increase df 
fdrdgrt patenting in the lUnited^Sfe^'TTie, 
number of patehts granted to^ap^nepe inventors 
by the United States in £975 was more thin five? . 

' times tha* of 1966. . \ v " . " . . ' 

». « 

Although there seems to bea general increase 
of interest, in all countries in foreign patenting - 
due to the expansion of marke ts, in general, the 
, rate of growth of patentable ideas of inter- , 
national merit seems tqbe expanding at a greater * 
rate in other coun trieVt ban in theaJnited States. 
The erosion of ihe U.S. patent balance wi'th 



The number of patents granted to US, nationals by 
foreign countries minus the number of patents granted to 
foreign nationals by the United States. 

34 Throughout this chapter, patent activity is discussed fn 
ierms^of date of patent grant rather than date of patent 
application, thus reflecting earlier inventive activity, the 
current average pendancy period is 20 months. 
j ft^anct and Italy Were not included in .the. index due to 
the lack of comparable data. r ' **• 

» Jiflokn *of ikf Point Output efUS. Industry, 11 Office of 
Technology .Assessment and Forecast, VS. Patent .and 
Trademark Office, July 197$ (A study commissioned 
specifically for Jthis report). . ~^ V - 
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selected countries cai^bfc seen "in. Figure 1-15/ 
The Un\ted States has a favorable but declining 
balance with Canada, the United Kingdom and. 
the group of five specified European Economic 

- pDmrntinity countries, and a negative balance 
" witli .West Germany, and "Japan. T£he U.S. 

balance with WeSt-Gerrnany has been negative 
sijn^e 1969, but was positive (albeit declining 
since 1968) with Jajjan through 1973. A negative 
balance *vjth Japan Was registered in 1974, due 
equally to th§. increase, of patents filed in the 
United Stated 6y Japanese inventors arid-io the 
decrease of patents granted to citizefte by. 
Japan. In 1975 the negative balance with Japan 
taiprovfd slightly due to the 11 percent increase 
in Japanese patents granted to U.S. inven- 
tors/The U.S# balance with Canada dropped 
sharply after 1972 as a" result of a 29 percent 
reduction in the number of patents granted by 
Canada to U.S. inventors between 1972 and 
1975.** 

- Foreign origin patents' 

byproduct field* / • 

-* 

. The growth of foreign patenting in the IJni ted 
Stajtes occurs across a wide spectrum of fields 
rather than- being only focused, in specific 
technologies* Examination of foreign partidpa- 
tidn in 1973-75 patent activity demonstrates this 
. distribution. Table ranks the product fields 
by percentage of "foreign involvement, it is 
interesting to note* tfutf for five categories 
Considered .the. most R'&D-intensive ,in the 

" a United States, 39 the Average of the perj29it of 
foreign participation ir\ U.S. patentactivity was 

. 37 percent during^the period 1973-75, 

f oreigft origin patenting in 

- R&D-intensive product fields 

This Section further analyzes patenting in 
R&D-ihtensive product fields by examining, 
those invention areas (defined in terfns of classes 

: • 

** This reduction may have been caused indirectly by new 
controls placed on foreign companies by Canada. The high 
degree of US, paten t activity in Canada has been influenced 
by the amount of U,S. direct mves tmen land the relative easd 
of obtaining a patent in Canada* * 

** These categories are nonelectrical machinery, aircraft 
and *p*rts, chemicals, electrical machinery , and professional 
and scientific instruments. For a discussion of R&D* 
intensrveness, see the Productivity and Balance of Trade* 
section of this chapter, and the "Outputs from Industrial 
R&D", section of the ^Industrial R&D and Innovation* 
chapter., > /. • 



and subclasses in the U.S* Fatenfand Trademark 
Office classification scheme) which are deter- 
mined to be among the most* active in terms of 
patents granted *° For eacK R&IMnfensive. 
produce field, Table l-17jists six U.5/patent 
categories which were among those «experien-^ 

- ring thehighes tgrowth rates firpm 1973 tpl975. 
The patentareag are then ranked by the average 
percent ot patents in each that were issued to 

-residents of foreign countries. The? foreign 
country which has filed theHargest number of 
patents for the period 1973 to 1975*is also listed 
" by product fieRThe country which maintained 
the leadership in total patents over thfc extended 
period 1963-75 i£ jgxluded in parentheses if it 
differs from *the current leader. It is not 
surprising fo find jhat both japan and West 
German^ hold tiie* leadership arxiong foreign 



<o It should be noted that this material is based on both 
original patent ref erences and cross-references in the patent 
files, whereas the other information on patents in this 
chapter ts based on origtnaj* references alone. Betause the 
study was conducted from the viewpoint of US- patents in 
active product htlds, u does not necessarily represent the 
invention areas which are expenenting the greatest absolute 
foreign growth. «. ^ 



nations in mosfcof the patent product fields It is 
interesBng to note that in th? last several years 
.Japan has jrioved ahead of West* Germany in 
several cases*. * " 

i * 

^ , , ' " 

VS. patent activity of % ; * ; 

selected countries, * 

Since the overall foreign participation in US. 
patent activity is* growing rapidly, it is in- 
teresting to examine individual country perfor- 
mances for separate product field?* The follow- fr 
ing section is an attempt to highlight the U*S. 
patenting characteristics of those countries 
which have been most sficcessfdfm seeking U.S. 
patents from 1963 to 1975. Figure- 1-18 shows 
the number of U.S. patents obtained; for the six 
most active countries, while A^eridix Table 1- 
16 includes iiiformation^on the numberof t£S* 
patents byproduct field f& ten additional active 
cpuhtrfes, 41 



«* Th e information in th e followi ng section is based on Lf S 
Pfl/mi yirf/Pfly in ftffrTw SiAnUri l*d*slriat Q*xilka!hn 
Qdt&nn 1963-197$. Office of Technology Assessment and 
Forecast, US. Patent Office. \9f6fA sttiJy"commissione<i 
specifically for thit report). . . >.* . fe. 
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West Germany, Since 1963, fVest German 
inventors have obtained the largest number of 
foreign-origin tLS. patents {67422}, placing first 
in ten of the fifteen major .product fields 
examined* The greatest Cenmh patenting 

, activity in the U^S.has historically taken place in 
fhe.areas of nonelectrical madiinery, particular- 
ly engines and turbines, and in chemicals, 
especially basic industrial inorganic and organic 
chemicals. ln l$75, however, Germany was first 
among foreign nations in only six of the major 
product fields, but second in the remaining nine, 
Germany was surpassed by Japan in 1975 in 

,ihree categories; rubber and miscellaneous 
plastics; electrical equipment except communica- 
tion equipment; and stone, day, glas^ and 
concrete products. Likewise, Japan took the 
leadership in the field of professional and 
scientific instruments in 1972J* However, 



Germany still maintained 4ir$i place in these 
fields for total patents firom 1963- 5& 

Japan. Second in Ate total number of -U.S- 
patents granted to foreign inventojrs during the 
period (44,761), Japan has received -the greatest 
nurnJber of* its patents Jn the categories of 
chemicals {particularly a^cufairal chemicals^ 
nonelectrical ^nachinery, ^^communication 
equipment *and electronic components. 'Since 
1970, however, Japan hasdrdmaf^lyincreased 
its patent activity by over 100 percent in every 
major category except two— textile miilprpductsc' 
(64 percent) 'and electrical equipment {85 per- 
cent). In two categories— aircraft am parts, and 
motor vehicles and other transportation 
equipment— increases of 567 percent and 461 
percent respectively were r/egisterecLEven those 
categories in which Japan was already strofig 
have experience^ large increases since 1970. 
Thas^em^ls increased 127 percent; nonelec- 
tricaimadiinery, 154 percent? arid food and 
kindred product?, 293 percent In 1975, Japan 
ranked first among the foreign countries in tLS. 
patenting In eight of die major SIC categories 
and second pi all the resM* These findings are 
significant in that they seem to $ive evidence- 
contrary to the Widespread Beliefs *hafc (1) 
Japanese R&D efforts are narrowly focusedjon 
spedfictechnolo^es,:and {2)4hat the Japanese 
tedinological development strategy/ which has 
concentrated on adapting -other nations' 
technologies, would come to a standstill when 
confronted with the need to reljr on its own 
abilities to innovate and invent In'additfon, the 
great diversity and rapid increase of Japanese* 
origin* U-S. patents gives further eyidence of 
Japan's interest in U-S. market penetration in 
nearly^all industries^- * 

United Kingdom* TTie United Kingdom 
ranked third among foreign countries in the 
number of U-S- jwtents (43,710) awarded toils 
residents for 1963 : 75/Durin^ this period, it was 
particularly active in obtaining patents in the 
categories of nonelectrical machinery {^spe^ally 
engines and turbines), chemicals, motorvenides 
and other transportation, {particularly motor- 
Cycles and guided missiles and space vehicles), 



a* In moct cases this was a result of*JajanOncre*$ing its 
percentage of pa ten ts ra ther. thin any decrease on the part of 
Germany. However, in the case of eJectncai equipment, the 
number of patents attributed to Japan increased by 8 percent 
whik those granted to German resident* decreased by 10 
percent. _ . 



« a jnay be of Interest to note that the United States 
likewise plays an important role in foreign patenting in 
Japan- In 1975 the inventors from the United States were 
granted 51 percent of aB foreign-origin and 11 percent of the 
total number of patents filed in Japan; tee Irfrtru! &9f*rty, 
tVorld'lnteUectuaJ Property Organization, December 1976, 



*nd aircraft afi4j?ar«. The United Kingdom was 
firs* in the namlfer of foreign-origin U.S. 
patents in only orfe category— petroleum and 
natural gas e»trad|ion and petroleum refining/ 4 
tyit held the setond or third place in all the 
remaining eateries except drugs. 

France, Switzerland, and £^nada were the 
next most active .countries in terms of total 
patents iskued by the United States during 1963- 
75 127,339/ and I£,652 respectively). 
Jlgance was stranger* the categories of motor 
v5Scles and other ^transportation equipment, 
e^fedally motor^cl^^guidedmissiles and other 
g>5ce yducles^and aircraft and parts. French 
mventorewerealsoactiveinobtainingpatentsin & 
the categories of nonelectrical machinery and 
chemic^s- Switzerljmd ranked J third in the 
category of total foreign drug patents, although 
the United Kingdom surpassed them during 
1975- Chemicals, especially industrial inorganic 
and organic chemicals, was another active US. 
patent area for Switzerland over the efltire 
period Canada had the third highest number of 
US. patents granted to foreign nations in the 
petroleum and natural % gas extraction and 
petroleum, refining categpry during 1965-75, 
Almost 43 percent of the Canadian p^tentiffled 
in the United Stated xUiring the penoA were in 
chemicals or nonelectit^al machinery J 

foreign participation ihU S, painting activity 
seehs to be highly concentrated within each of , 
the industrial areas* Table 1-19 shows that for 
each product field over SOperc^ntpf the foreign 
activity from 1963 to 1975 can be attributed to 
only three countries. In fact, for ten of the 
fifteen product field^ three countries account 
for at least 6Q -percent of the US. patents of 
foreign origin} 

\ > ^ , _ * m 

International trends in 
technological innovation 

The process leading \o innovation is a com- 
plicated 'and to date little understood one. 
Previously considered a two-step process {from 
invention to innovation), it actually involves a 
wide variety of activities often including basic 
res^rch^tb e establishment of technical feasibili- 



ty It should be noted, however, that thts-ta tegory of VS. . 
patents had the lowest foreign share of all categories 
considered* 



ty or the first conception of the future innova- 
tion, applied research, establishment of perfor- 
mance criteria or product specifications, 
preliminary engineering, prototype or pilot plant 
.construction, tooling and construction of 
manufacturing faciUries^andmanufacturin&and 
marketing start-up. Various studies have been 
conducted on the relative importance to the 
innovation prdfcess ofysuch'factors as research 
and development/* user needs and invQlve- 
*ment/* market demands/^ communication 
-patterns/* characteristics of the innovating 
. firm/ 9 and so fortK One thing does seem clean 
technoU^gcal innovation is an important factor 
**in determining the productivity, economic 
growth and international position of developed 
nations* 50 % 

The pom t has often been madeihat the United 
States would do well to examine and learn from 
other countries' experiences in fostering innova- 
tion* A recent* NSF-sponsorecf study of five 
countries (France/ West Germany, the 
Netherlands, the United Kingdom # and Japan) 51 
attempted to examine the effectiveness of 
government mechanisms foe influencing 
technological change! Analysis was made of 
twelve mechanisms which governments use to 
affect the innovation process itself, to increase 



4 . ' _ - 

° S. Myers and D. Marqutf , 5^a^JW»**fW U*oT*i*9i. 
National Saence Foundation (NSF 69-17). 

** Swan ami failure in UdsshM lnacvabom. Rrpert on Prejai 
SAPPHO. Science Policy Research Unit (London: University 
of Sussex, Center for industrial Innovation, 1973) and Eric 
von Hsppel r The Dominant Role of Users irr the Scientific 
Instrument innovation Process/ < MIT Sloan School of 
Management, Working P^ipcr 75-764, January 1973 

** James M Utterfcack, "Innovatten in industry and the 
Diffusion of Technology,* Scintce. VoL 183 (February fl| 
1974fc pp. 620-626, : : ^ -;- 

*» Thomas J. Allen, "Communication Networks in R&D - 
Laboratories," R&D M*n*£n*nti. Vol 1, (January, 1970^ pp. 
1*21. • . " 

<• William J. Abernitrry andJamesM* Uttexback,*Inndva- * 
tion and the Evolving Structure*. of the Krm/' Harvard 
University Graduate School of Business, Working Paper . 
UBS 75-10, June 1975. ; * - 4 

50 for further discussion of this topic refer tee Robert 
Gilpin, JfiknoUfy. Eionomic- Grxoib. ami International Cm- 
pttihvenof, UiL Congress^ Joint Economic Committee, 94th # 
Congress, 2d Session, 1975, The Cemliimu for $mt& tn 
Inhmtcpcml hmevatton. Organisation for Economic Co 
operation and Development, 1971, Raymond -Vernon, 
"International Investment and International Trade in the 
Product life Cyde/* Qnaritr1y t fowtnoJ of Ecommkx Vot SO, ^ 
(May 1966); and EF. Denison, Why Gmoik Zola Differ: Pafhoar 
Ezprkntcr in Nm'Wairrn Ca*n2rk* (Washington, D.C.z The 
Brooking* Institution, 1967). * ^ ^ 

** Nultemd $*pgon for Senna ami Ttxknckft. Am Exams**! of 
hretffk Expmaxt* {Cambridge, , Mass.* Center for Policy 
Alternatives, Massachusetts Institute of Technology, 1976).* 



the quantity tad quality of the intellectual 
resource base, and to_ ameliorate, the adverse 
effects of technological change on the environ 
merit and society. 

The study indicates that while all of the 
countries have some type of effort under each 
mechanism, certain policies and programs enjoy 
more emphasis pi success than others depending 
on national goals and characteristics. For in 
star&e, France has made extensive efforts in the 
creation of markets through procurement 
programs and trade , accords. Both the French 
and the West Germans have devoted large sums 
of money to /isk-sharing programs, with 
"funding in Germany being targeted toward key 
technologies. Japan, the United, Kingdom, 
Stance, and West Germany aH have supported 
the creation of spedalizedmshtutions responsi- 
ble for the financial support of individual 
inventors and small firms involved in patenting 
new products or creating new enterprises. Of 
the frve countries, the United Kingdom has thp 
healthiest venture capital market, and Japan is 



the only one whidfThas been able to reduce 
competitive risk irv the implementaton of new 
technologies through imptfrt restrictions and 
foreign license and patent controls. - ~ _ 

Another cross^Sbntry study conducted at the r 
Universityjof SussexYeviewed recent empirical 
research on technological innovation arftt com* 
pared the characteristics of government policies 
towards industrial innovation |n France, West 
Germany, the Netherlands, #nd the United 
Kingdom. 5 * One of the findings showed that 
although there were major difference in the 
organizational . arrangements for iioandng 
civilian ft&D, there were soijie similarities JFor 
instance, "ill four countries maintain 
government-sponsored technological institutes 
and laboratories specifically related to nuclear, 
space, .aircraft and advanced, electronics 
technologies. In fact, government-funded 

____ ; * t * 

?*ntt and W. Walker "Government Poliacs 
Towards Industrial Innoxjtxwt A Rcvjcw/ Rneank f&xp 
Vol S (May 1976%,pp. £1-97. 



civilian R&D activities were found to be heavily 
concentrated in these areas. Each country ako 
provided general. and technical services to s 
industry and supported programs for financing 
R&D in industrial firsts outside the above _ 
technology areas. 

The following section provides indicators of 
international trends in technological innovation * 
Wed on a study of 500 technological in- 
novations introduced into the marketplace 
between 1953 and 1975 in six countries. 53 The 
selection of the SCO innovations wis" done by an 
international papel from an initial list of 1,160 
innovations iderjtified by a literature survey. An , 
additional 150 innovations suggested by the 
panelists brought the universe size to 1,310/The 
500 innovations woe selected from these 1,310 
on the basis of ranking of innovations by the 
panel in terms of their adjudged technological, 
economic or social importance. 

The innovations included in the study are 
representative of a wide range of product areas 
and industrial sectors. Some examples of th^ 
innovations considered ace listed below. , 



Nuclear reactors 
Oral contraceptives 
Urethane foams 
£Iec U og j )eantyek5ng 
Hjgh voltage electronic 
: : cables - . 
EMI brain scanner 



Oil skimming system to 
* treat oil spits 
Ultrasonic plastic bonding 
Synthesis of cortisone, 
» Double knit fabrics 
' Weather satellites 
— % Cryo-surgery 



Certain caveats should be kept in mind as these 
data are discussed. The actual number of 
innovations studied is relatively small because 
only the most important, innovations were 

^considSred rather Ihan the less significant but * 
more numerous innovations vyhich may effect a 

- =greater 'overall impact in the long run. The 
relatively small, (fata .base* particularly for 
countries other ihan the United States, is an 
important limitation on interpreting national 
trends. * ~s 



distribution of major innovations 

by selected countries ## 
- - *- # 

The distribution of the major innovations^ 
studied is presented by year and country of* 



market introduction m Figure 1*20. 5< The 
United Stat« is shown to be responsible Jfor 
initiating the largest percentage of innovations 
determined to be major. However, from themid- 
195CS to themid-1960's, the U^.share fell from, 
80 to 54,-4>ercent of the innovations. This 
corresponded to ah overall increase -in the next- 
ranked UiL irmovafcons'from 11: to 24 percent 
and increases of the West German andjapanese e . 
shares of innovations of 5 and 7 percent, 
respectively. The 5 percent difference irrthe U-S, 
share of innovations from 196&-67 to 1971-73 
.was paralleled by a corresponding 9 percent^, 
decrease in t|*e share of innovations accounted 



** The Canadian innovations were omitted from this 
report because they were few in number, mating arty 
detailed analysts inconclusive. Hence, the data base covers y 
492 rather than 500 innovations: _ 



. 1 Geflman Research Associates, Inc., 1976- 
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for by the United Kingdom. Japan experienced 
the largest absolute gain over the entire 31-y ear 
period although its share of total innovations 
considered wis only 10 percent by the early 

. Table 1-21 ^ presents the distribution 0 



. innovations among the four market types for 
each^ofc the five countries. 5 * ^Half of the- 
innovations were directed towards theproducer 
goods markets while 19 percent were aimed at 
government markets and 16 percent were 
consumer product-oriented. An additional 15 
percent were^br internal use, .for example to 
improve m modify a production process of the 
innovating organization itself. Of those in* 
novations studied, 28 percent of those from the 
United States°were aimed af more than one 
market, while 26 percent of the West German 
innovations were multiple market-oriented^ 
Only lSpercentof the Japanese, and£percent of 
the U.kL innovations were directed- toward 
multiple markets. Almqst^ half of the U.S. 

• innovations (47 percent) were producer-goods 
oriented! The United Kingdom had the highest 
concentration of innovations aimed at producer 
goods (72 percent)/ while French firms seemed to 
produce innovations directed* mqre toward the 
government {45 percent) than toward other 
markets- - 

- I - & 

*» An innovation initially targeted for one mariei may 
have subsequently been introduced in another, e.g., *n 
_ innovation directed to government consumption may Lter . 

* be' adopted in industry It has been assumed that those 
innovations which are directed at more than one market are 
ultimately more useful to a nation's economy and have been * 
so weighted in Table 1-21, 



Not only were the, innovations directed 
toward diverse .markets but they were also, 
introduced by a wide range of industries. 5 * The* 
US. innovations wer$. highly concentrated irt 
R&U-intensive industries such .as scientific 
^^^totruments, electrical and communications 
n r *^guipment, chpmicals and allied products, and 
nonelectrical machir^p^^Inxiovatipns. in the 
United Kingdom were often connected with the 
aircraft industry *whjle those of Japan .were 
principally found in, the primary mejals or 
electrical equiprnent and communications indus- 
trial areas. West German innovations were often 
associated with the machinery industry while 
French innovations were widely distributed 
among a variety of industries. 



Invention/Innovation Relationships 

To what extent did each of these countries rely 
on its own inyentiveness? Although theeonnec- 
tion between a product and its underlying 
invention is sometimes distant or uncertain, 
most of the inventions underlying the in- 
- novations studied were found to have originated 
in the same country. 57 The LLS. innovations 
w£re predominantly based on domestic inven- 
tions or technologies (S3 percent); of thel21 



** Each innovation v?a* assigned to a Standard Industrial 
Classification CSIO on the basts of the SlCxategory for the 
firm responsible for developing the. innovation, * 

57 The data in this section are based on the following 
innovation counts. United 5utes^319 innovations; United 
Kingdom, S5> Japan, 34; West Germany, 33, ami France, 21, 
for a total of 492 innovations. * / 



inventions whiqh the United States imported 
from abroad, one-third were acquit^from the 
United Kingdom. The United Kingdom, in turn, 
relied on domestic inventions for Sdt percent of 
its innovations; Japan, £5 percent, and West 
Germany, "79 percent. France "was the only 
country in whichall of the innovations examined 
were based on domestic inventions* 



~ TffiU5.I^LEm INTERS . 
. TEOflTOLOGY TRANSFER 

- Technology transfer is a subject which has 
been givieri a\great deal of attention recently 
although the Concept itself is not a new one 
Controversy has surfaced as to the responsi- 
bilities of developed nations r to developing 
countries in the precision of technical know- 
how* This has manifested itself in the form of a 
proposed international Code of Conduct for 
Technology Transfer 5 * which is still being 
debited* Controversy also exists within the 
UnitedS tates itself oversow much technology is 
desirable to transfer, what impact it i^iikely to 
haveonlheU-S/econoxnicand strategic position, , 
and what additional Controls, if any, should be 
instituted* 59 



The United Nations Conference on Trade and Develop- 
ment (UNCTAD) has been working on an intematfcnaJ 
agreement on term* o&technology transfer with sections on 
genera] principles, national regulation, obligations of con- 
cerned parties and methods oL resolving disputes. The 
developing countries, represented the "Group of 77/ 
have insisted on a strict code of conduct ivh Je the Croup B 
(industrial) countries have favored voluntary guidelines In 
May 197e>at the UNCTAD-IV Meeting, the United States 
joined other nations in an agreement Id- work for a code- of 
conduct as long it *vas completely viAZm+ty and equally 
applicable to technology suppliers and xewpients, regardless 
of their ownership or poli tical persuasion 

— ** One proponent of strict control particularly of vital 
design and knowledge, is the VS JDepartment of Defense 
For a detailed explanation of Ujus position seeVtLS. 
Tahtokry—DOD Pcnpatwt. A Ripen $ ikt Drfcnx Stusu Board 
Task hru 9% Export V LIS. Taknde&> U_S Department of 
Defense, Office of Defense Research and Engineering. 1 <r?6 
On the other side, the Council on International Economic . 
Policy stated in its T976 annual report: *There is no 
conclusive evidence that in the overall foreign direct 
investment and licensing by American firms have hurt US. 
economic welfare.*' Iqitnuuten*l Eawemu Report 4 iVt Prnidem. 
Council on International Economic Policy, Executive Office 
of the President 199fcp. ll& See also a study cm the subject 

-prepared for theBureau of International Labor Affairs, US* 
Department of Labor. Jack Baranson, lzlmtelwnal Transfers cf 
lnduttrul Jtduubtt by lik hm* and That Imphtuitvstje* tht US 
icomemf, December 1976* 



The diffusion of technology occurs via several 
modes, person-embodied, through the travel or 
^migration of scientists and engineers lor 
attendance at technical conferences, embedded 
technology, in the form of goods ot services sold 
domestically or exported; and foreign direct 
investment and licensing, which usually c:om- 
" bines portions of both of the above two. Direct 
investment and licensing are the primary* 
channels for the transfer of technology by / 

♦ American Arms. "J" 

This section describes the extent of 
technology transfer occurring through the sale 
and purchase of technical know-how in the form 
of patents, licenses, manufacturing rights and 
similarmtangiblepropaiy^lWonnafionoathe * 
U.S. receipts and payments of fees and royalties^ 
can act as an indicator s>( *he amount of know- N # : 
how transferred by the United States arid tjie * 
directions and destinations of the techhology t ^ 
. flows, - * ^ . - 

Royalties are payments for the utilization of 
copyrights or trademarks, while licensing fees 
are associated with changes for the use of a 
patent or industrial process. transactions in 
tftese areas have been divided into two 

• c*tegori^,e$sentiaUythos^ 

direct. Investment (e.&, between US. firms and 
their overseas subsiffiries) and those between ^ 
independent organizations, or' unaffiliated 
transactions! Because the terms of agreement 
. between affiliated firms can be influenced by 
business considerations other than the actuaj 
value of the technology concerned, unaffiliated 
receipt? and payments are mdre likely to reflect 
m the true value of the technology Jtransferred. 

* Nevertheless, it is essential to examine direct 
investment-related receipts, ancf payments 
because that is where th^ bulk^of the transac- 
tions is taking place. Additionally, it is necessary 
to look at both categories of transfers because 
the dif f eringeconomic or technological de^elop^ 
ment strategies of individual nations may 

* influence the type and volume of transfer 
activity preferred Thus,inost Japanese bu>h\es£ 
agreements occur in the unaffiliated category 
_ while those of Canada are associated largely 
with direct investment * 

Several caveats should \>€ mentioned here. 
Royalties and fees are normally paid qver the 
term of the contract, rather than upon delivery, 
so that payments in ^any given period relate to 

« Other focrns of technologyiransfer are dealt with in* 
sepznte sections of this chapter. 



technology transferred in previous years as well 
as in the present. Annual changes in. total, 
receipl^feid payments of jcoyalties and fees are 
influenced by the timing and duration pf the 
payments specified in individual agreements and 
changes both -in the value and number of 
technology'transfer transactions. _ . . 

Bgur^ 1t22 shows the dollar value of U.S. net 
receipts and paymentsand the resulting balance 
for both direct thyestment-rekted and unaf- 
filiated transactions- Estimate? for 1975 show 
net receipts associated with direct investment to 
be $3,526 million while unaffiliated receipts 




( totaled only $759 million. Receipts of royalties 
and fees from affiliated ifrms have expanded 
more rapidly than those from unaff iliatfdfHrmS 
over the period 1966 to 1975 (203 percenttotal 
increase, or 13 percent average'annualin^ase, 
compared to 115 percent total increase , Or 9 
percent per year for unaffiliated receipts). ^ 

The direct investment-related royalties and 
fees balance fo? the United States (net Receipts 
, minus net payments) experienced an almost 200 
percent increase over tne period 1966 to 1975. 
Rapid growth ha? occurred particularly since 
1972, with the affiliated technology transfer 
balance increasing at an average annual ratepf 
almost 19 percent while the unaffiliated balance 1 * 
concurrently grew at an average annual rate of 
only 5 percent. This suggests that tfie United 
States has increased its role in the transfer of 
technology and that ILS. firms prefer to retain 
an equity interest in the m use o£ tfieir tangible 
property. , * .> . 1 / 

The destinations of the flows of 15 S. know- 
how,are presented in Figuresl-^3andl-24'*UJS. 
technology has been highly/ sought by and 
transferred to industrialized countries, par- 
ticularly W f estern Europe, with 78 percent of 
affiliated and 35 percent of unaffiliated 
purchases being made by develqped countries in 
1975. Almost 49 percent of direct investment-* 
, related royalties and feef and 45*p*rcent of 
unaffiliated receipts came from Western Europe 
in 1975. ' 

Japan jias traditipnklly purchased know-* 
how via unaf filiated sources, since direct invest- 
ment has been highly discouraged. In 1972, 
Japan was responsible for 37 percent of all 
unaffiliated receipts for royalties and fees as 
compared to only 5 percent or direct investment- 
related transactions* Since 1972, howevet, there 
has been a decrease in the Japanese share of 
unaf filiated purchases of U.S. know-how {from 
37 percent to 30 percent in. 1975) with a 
corresponding but small increase ih- affiliated 
technology, transfers (up to 27 percent in 1975 
from 5 pe^rent in 1972). This may reflect the 
liberalization of Japanese policy towards foreign 
. capital inflow which occurred between 1971 and 

1974.« l \\ 

* - '+ ' <* r 

Most of the U.S, receipts of royalties and fees 
from Canada" are direct investment-rehjted. Of 



»* Consultation* with Dr. TerutomoO£awa y International 
Economics frofessor, Colorado State University, and tne 
Japanese Embassy Washington, D*C 




.-;totat 'receipts from Canada *in 1975 ($603, 
jt* million), 94 percent were direct investment* 
related .compared to 6 percent unaffiliated 
transactions. U.S. kn<gv-how is m most* of fen 
transferred to developing xountnes between 
U-SL firms and their, subsidiaries rather than 
- . between, independent - organisations. "Direct 
investment-rejated receipts accounted for 87 
percent of all receipts from developing countries 
inl975. 

Since 1971, developing countries have in- 
creased their purchases of If.S, know-how, 
receipts for royalties and fees from developing 




'~3 



countries increased.69 percent between unaf- 
filiated organizations and 62 percent between 
affiliated firms, during the period* 1971-1975. 
* However, during this same period, the share of * 
transfers accounted for by developing countries 
decreased slightly for dirept investment-related 
transactions (from 23 to 21 percent), and 
increased only slightly (front 10 percent to 14 
percent) for unaffiliated transactions. 

. AlthQugh *he United/5 tates is a nettrsnsfe j;or 
j. of Jcnow-how, the U.S. purchase of foreign 
technology 4 «rs* expressed in payment , for 
royalties and fees r has gf own since 1966~at,an , 
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average annual rate of almost "16 percent for 
affiliated and 10 percent for unaffiliated 
payments! Most of Jlie^foreign^ktfow-how 
juirx^se&by ihe Ohited States in 1975 came 
from Western Europe {73 percent), while 
Canada accounted for an additional 22 percent. 

Much of the recent growth in O.S. payments 
for foreign technology cm be attributed to the 
increase in direct foreign investment' In the 
tJhiteclS tates/ 2 Thus, direct investrrient-related ^ 

payments** to Western Europe increased mote * 
thai* unaffiliated ^payments from 1972 to 1975 

: (61 percent and'^9 percent respectively). If the 
recent trend towards increased foreign direct 
investment in the United States continues and if 
Western Europe and Japan maintain advanced 

Jevels of sophisticated technology, US, 
payments for foreign know-how will correspon- 
dingly continue to grow. This may not be 
altogether a negative factor, however^A recent 
study of several technology-intensive in- 
dustries 6 * indicates that foreign companies are 
investing^ the United States more to take 
advantage of the large, ^politically-unified and 
stable market than to have Access to US. 
technology* It also suggests that the "United 
States probably receives a _net technologicaL 
benefit front this phenomenon due to the. 
necessity, that foreign companies introduce their 

^sjgst sophisticated technologies in order to 
compete effectively in the r U.S. market. v 



PRODUCTIVITY AND BALANCE * 
, ' OF TRADE 

l^tipnal and interna tipnal trends of prpduc?_ 
. -tivity are presented in this section, 'as well as* 
measures of die role of R&D hi the US. balahcfe _ 



42 The foreign direct investment position showed record 
23 percent increase? both in 1973 and 1974, followed byu - * 
substantial increase of 19 percent in 1976 to $2$, 7 billion, fn 
the previous decade, foreign di rev t investments grew Je>* 
than 7 percent per year See LeonarcJA Lapo and Cregor > C 
Fouch. "Foreign EHrett Investment^n the United States 4 ^ 
1975 " S*rvey"cf C*rrenl B&ihtss (ACigust 1976). p 34. For a 
detail s t udy of foreign invest men tjn the United States, see- 
*Benchmark Survey *>£ Foreign Direct Investment in 'the 
UruteclSUtes,1974*S*>^ „ 
35-J5J. ^„ *: % ' ^ S- \ ' * 

f? Payments by U-S. subsidiaries lb" their parent companies 
/overseas for the right to use intangible property. 

** Assembly of Engineering*, m cooperation with the 
Office of the Foreign Secretary, Natiunal Academy uf^ 
Engineerings 3tik*cbg% Trtmsja jrvn fvrngn Dura Inemmtm m 
ike Unite/ 9*lth National Research Council, 1976. 



. of trade. Comparative figures are showrLfor 
several major developed countries in tenriVof 
real Gross Domestic^ Product per, employed 
civilian and output * per, man-jiour in the 
manufacturing ..sector. An analysis, of" US., 
exports and imports of m£mufactureipr5ducts ' 
relative to their R&Bin tens! veness is al* attempt 

* to identify the importance of R&D to the U.S. 
balance of trade/This Indicator is also tjsgd to 
determine the balance of trade in R&D-intensive. 

- products between the United States and Various c 
other nations. , * % ; ' 

s Technological change aniTproductMtjj^-^ 

Productivity can hp defined a§4he amount of 
oufjput derived from productive activity"divided 
by the amountpf inputs usedin production* p*i& 
other words, output per unit -input Inputs 
include labor, ^raw materials/ capital- (largely 
plant and equipment), and commonifesourries 
, air and vyater). Growth, in productivity 
reflects increased efficiency in the conv^rsibrjtof * 
resources into useful goods and services by a* 
r finji, industry, or a country. ^ 

, Many factors affect productivity growth; 
technological change, improved labor skills and 
education, increases in capital intensity, Im- 
proved organization of production, imported 

* technology, or changes hi th^^odal barriers to 
economic efficiency. The relativ/~influence,of 
these factors ^productivity is not known with' 

- accuracy, *4>ut7 it -is generally ^agreed jhat 
. technological change is an important factor in^ 
productiyity,\ growth. ' An improvement "in" 
technology usually increases prpductivity^ liy 
increasing jhe amount of, output -per unit 
inputs 5 - ' 

t R&D v$ today one the inajpr sources of 
technological change, atlthoifgh ^icfi change can 
result from other sources such as independent 
inventions, Or on-the^line jmj^>vements in 
production techniques. Despi^ffie fact that 
many conceptual and measuremSu problems 
have qpt been completely ^solyec£ ,empi3cal 
studies do provide reasonabfe^Br|uasfve evi- 
dence thaf R&D^has had a ^pOffcknt^itive 
effect oft the rate*of productivity increase in the 



* ** See Toknch^uid fanovtitcn* *nd Federal G&rntmrnl Briny. 

National Science Foundation (NSF 76-9) for a suTnmary of 
* eCent research examining the relationship between R&D. 
technological change, and productivity. 

" *' 



, \incjus tries arid time periods that have been 
•studied** ,/0 

? The importance Jj^pcodbetiyiiy- lies in its> 
contribution to national goals— higher living 
standards* betterhealth carCa cleaner environ- 
• meftt, improved pufcUc ; services, national securi- 
ty, and ItKe like. These goals csfnjre more easily 
: * obtained if mor% productive use is made of 

- iaya^We*resourcesr Alternatively, productivity 

fains ipay require some trade-offs %vith other 
^ national objectives if they result in the increased . 
i*F? use of ava^flHe resources. ' 

: ,\ Interest in "jSixluctivity groWth and. 
/technological c han£e has been heightenedby the 

to jBpcyrifer&lfaty ? 
\ ^vjsompate U.S- productivity tojfoiher countries^ 
, ^Several measures can be used such as real Gros$ 
^Domestic product per employed civilian, and 
output per man-hour. The former is a generaji 
, , . approximate measure and the latter is mor£ 
/sector-specific, restricted hej^. to manufact 
hiring* Qutput per unit of labor is used ti 
mfeasufe prodyctivTty* because estimates ,oj 
outffSt per unit of labor j>Ius capital are^nol 
O avail^Wg, ^and past studies indicate that change 5 
.UKodlpirt per unif of labor parallel changes iit 
output per unit labor plus capital* 5 Internation* 1 
comparisons of productivity are difficult because 

- of differences in sources and methodology anU 
. . limitations cm the avafo^ 

small differences . in productivity betweep 
nations and particularly over shorjt: periods may 
not be significant Emphasis should be placed on 
general trends in any interpretation of the 
indicators. * \ ♦ v I 



~* - - / - , * -\ - 

.c In terms of real Gross Domestic Pjroduct per 
empl6yed civilian/ the leyql of ULS. productivity 
exceeded that fif France, Japan, West Germany, 
Canada, and Jhe United Kingdom during the 
* 1960-1976 period (figure 1-25). Producfivity 
growth relative to U25. levels was generally 
higher in Japan, France, ancl West Germanythan 
in Canada or the United Kingdom throughout 
the period; however, -Canadian* productivity 
levels were only abou!9tol£percentlowerihan 
those of the United States.Producfeaty relative 
to U.S. levels grew at an average arfnual rate of 
. 2*6 percent in Franfc^nd West Germany from 
1960 to 197$, when their productivity levels 
respectively we/e abopt 17 and 23 percent below 



1^ " Chides T- Stewart, Jr., '^Summary of the State-or'- 

* the-Arf on the ^Relationship between R&D and Economic 
GrowihlProduttmty/ Research and Development and Economic 
£rov>ih/Producthity. Papers and Proceedings of aCoUoquium, 
National ^epcr Fotin^atjon (NSF 72-303), pp. 11-13* £ 

v* See Productivity: An International Perspective, 153. Depart- 
ment of -Labor, Byre^uf ©i Labor Statistics, 1974; and «* 
'-testimony presented jn federal Research and Development 
- Expenditures ant f/£ National fyonomy, Hearings before the - 
Subcommittee on Domestic and International Scientific 
Planning and Analysis, House Committee on Science and 

* Technology, April 25-May 5. 197$. 

*f SeeRoU^I^Iara^naSeanorThomas,^S.ProductiW^ K 
ty Growth: An Assessment of Perceptions and Prescrip- 
tions/* difice of Fphcy Research and Analysis, National^ 

* Science Foundation/ in Hearings before the Spcnal$ubcommiftee on . 
tkeN*Uot&l $tienu Foundation of the Committee on Labor and Pubht 
Welfare, Senate, 94th Congress, 1st Session, on S. 1539 
and S.. 1478 to authorize appropriations for activities of ihe , 
National Science Foundation and other purposes* March 14 

/andlAprfl 21, J975, pp. 139-177* . * -u 




tiutbttheUnitcdStates-ProducfivilyBrowthin 
Japan was the highest of all five countries over 
■ the period t$.& percent annual rate), although 
the level was almost 40percent below that of the 
United States ih*1976. This measure of produc- 
tivity suggests that &ince/Wes£ Germany, and 
particularly Canada are approaching the U.S* 
productivity levels. - - * - m * 

.^Trends in productivity are more commonly 
measured in terms of output per man-hour. 
Output per man-hour may be^ influenced not 
onl y by labor, .Jfitt abir by such, factors as, 
technological; innovation, scale of production 
and improv^^lnariagement techniques. This 
index is developed separately for each country 
and is used to measure the change in productivi- 
ty over time in that, country; it does not, 
,hpwever, permit cross-country comparisons of 
acted productivity leVete/^ 

Relative productivity in terms of output per 
man-hour in manufacturing is presented for five 

.countries in Figure 1-26. The 0-S. pnMuctivity 
gaiiubetween 19j6D-76»was the~smallestof these 
ffre coufi tries (55 percept) and more than five 
times less than inwg^s In Japan (289 percent), 
whichhad theiargfj^fchs. TheU.S. productivi- 
ty rate cfropped aln^p 4 percent from 1973 to 

^1975 f However, preliminary estimates-for 1976 
show thatth^U.S. productivity rate rose almost. 

' 7 percent from the 1975 JeveL Japan, France and 
West v Germany experienced even greater 

. productivity gains— 13 percent, 10 percent, aiuf' 
8 percent resjfectiyely. Since the .United States 
started fron\a relatively high level of productivi- 
ty in^l960, it is to be expected that those 
countries starting from a much lower produc- 
tivity base would enjoy greater growth rates. 
However, it is alsd undeniable that a continued 
slowdown in U.S/ productivity growth rates 
coupled with accelerated growth abroad may 
have serious long-term implications for the 
nation's economic position in the woj^Jd. 



Balance of trade in R&D-intensive t 
manufactured products . 

The U'S. interna Honaftfrade position depends 
upon a number of factors, including the prices of 
its products, thf[_ effectiveness of its inter- 
national marketing, trading arrangements with 
other countries, and its performance, in 
technological _ innovation, ^ The relationship 
between R&D, technological innovation, and a 
nation's trade has not yet^been * precisely 
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determined. However, studies suggest that the. 
role of technology in U.S. trade is qufte 

# important 69 The following examination • of 

* foreign trade is restricted to those aspects which ~ 
m provide relatively direct indices of tHe position 

and performance of U.S* technology, Asa result,/ 
such topics as foreign direct investment, sales of 
subsidiaries .abroad, and the; impact of 
. multinational corporations are not discussed. 

* An indicator of the effectiveness of a nation's 
productivity level and one of the many factqre 
which -dftttoninejhe international balance of ~ 
trade i^the"unit labor cost' —the ratio between 



** Raymond "Vernon («L), 71? Teckndqtf Ftcttr tn Join* 
nolunud Trade. (New York, Columbia University ?m%, 1970). w 



hourly labor gosts and^ojtfput per jnan-hour. 
l/mer unit labor costs tend to give a nation a 
competitive edge in the international marker 
because as unit labor costs decrease (productivi- 
ty rates increase faster than labor costs), 
products ^an be produced at less cost and thus 
sold at lower prices. 70 Even if a country enjoys a 
technological lead over its competitors this lead 
can quickly disappear given the rapid rate of 
knowledge transfer which exists today. If 
„ increases in a nation's unit labor costs are greater 
than those of other countries, a competitive 
advantage based on technological strength or 
otherwise, may be in danger of elimination* 
Thus unit labor costs are important Jto consider 
in an analysis of a nation's competitiveness in 
manufacturing. 4 

Trends in unit labor costs in manufacturing 
industries for several countries can be seen ip 
Table 1-27 JUS* unit labor costs rose moderately 
*frdm 1967 to 1973. In J974, unit labor costs rose 
more rapidly in the United States than in any 



For a discussion of recent trends m ami Uboi cost*, see 
PatridaCapdevieUe and Arthur Neef^roductrntyanHUnit 
Labor Cost* in the United States and Abroad", Mwlkfy Uher 
Jfafov VoL 38 (Jufy 1975); for an analysis of the role? of these 
^trends In international trade, see C*mprtitim&* c\ US, 
Ui*On&, Untied States Tariff Commission. J C Pub 473, 
1972, pp. 15-2$; * 



other period since World War JJ. This was due to 
insignificant productivity rises andjgi^e gains in^ 
labor costs. However, 1976 estimatesshow only' 
a slight increase in U.S- unit labor costs over the,, 
1975 figqre. From 1967 to 1975, unit labor costs 
moderately increased^ the United States (56 
percent} and Canada (51 percent) as conjured to 
the United Kmgdon\ 4147 percent) and Japan 
(123 percent). By 1975, unit labor costs had 
increased 95 percent in France and 65 percent in 
West Genaany from their 1967 levels. Canadian 
unit labor ^cbsts rose 9 percent from is%S to 
1976, to a level 65 percent above the 1967 leV€£ . 

The relationship between R&D, technology 
and U.S. bade can be in part analyzed by the 
examinatiQn of the U.S. trade balance in product 
categories, when products are ctessifiedin terms 

* of the relative leve&fc£R&D investment o'f the . 
industries that are the main producers of those 

-* products. 7 ^ R>r this purpose those product fields " 
corresponding to industries with (a) 25 or more 
scientists -and engineers engaged- in R&D per 
1,000 employees, ^(b) company-fund©! R&R 
amountingjo at leas 1 3 percentof net sales, and . 
(c) total EL&D funding amounting to at least ZS 



bniy manufacturing industries (which account for. 
nearly all industrial expenditures for R&D) are included m 
the analysts. , - *- - - 



• percent of net sales are considered here to be_ 
R&D-in^ensive. 7 * The product groups^ 
designated as R&IMntensive .are (l) chemicals,, 
(2) electrical machinery,- {3) nonelectrical 
machinery, {4} aircraft and parts, 7 ? and (5) 
professional and scientific instruments. , All 
other manufactured products are considered 

ndnrR&D-intensive^r " 

- * *-_ - 

• The JJJS. irade balance (exports; minus rji- 
porte); ibr these two groups of-productsfis 
iilus tratedinHgur£ 1-28 ™The trade bakncefbr 
R&D-on t <?nsive manufactured products has been" 
positive and generally rising throughout the 
period. 7 * The. moat dramatic increase (166* 
percent) >vas* between 1972 and 1975, with a 
leveling off occurring in 1976. The 1976 balance 



1-28 

U. S. trade balance 1 in R&D4ntMsm and 
groups 1960-76 



n T]t .grouping, which c or re sp onds to R&D~intensity 
Cmxpwof the Industrial R&D ana InnoVjfoon" chapter. Is, 
of rourse, an approximate one. FroducWind industries, 
although faurfy correlated at the gross level do not perfectly 
coincide, with the result that notaH products manufactured 
by a fegh R&E^erf ormlng industry can be conskfatejK&D- 
in tensive products. Examination of data on apphedK&D by 
product fidd |n rrunufacturing, however, shows that these 
fields are among the top recipients of applied R&D 
expenditures. See R&D nt iMdxstry, 1924. National Sdence' 
Foundation (KSF 76-322). pp. 65-71. The United States 
/Commerce jDepartznent* has developedjtwo other 
classifications of R&D-intensrve categories. An analysts and 
comparison of the three can be found in 4he hdtrmtinal 
Enaomk Rrp*r. of ike PresUnd, Council on International 
Economic Policy, ExecutrveQffke of the President 1977, pp 
, 120-124; and ReginalC Kelly^Al tentative Measurements of 
Technok>gy-In tensive Trade/ Staff Economic Report, 
Office of Economic Research, UiT Department oi Com- 
merce, 1976* 

, ? The product field 'aircraft and parts* rS less extensive 
than the industry diss "aircraft arid missiles;* "guided 
missik#and spacedaf t" (SIC 15^5) has been exducjed from 
_ this analysts due to Its limited miportanie to US. uade and 
the unavai^oiltty o\ area of destination dau foi this 
category, 

7 *1he export statistics presented here include aQ 
rnerchandise shipped from the* US. customs area, with the 
exeephon of supplies destined for U*5. Armed forces abroad 
for tbaac »vn use, shipments fox relief purposes at undex 
Assistance programs are included The import 
£tKS„ cover foreign merchandise received in the US 
customs area. The accuracvof foreign trade data may be 
affected by financial incentives for respondents to misstate 
r Jfjeif actual import/export figures. 

7S The trends in US- foreign tr^de presented here were 
influenced by recent adjustments in the international 
monetary systems. |n Dec em be r 1971, the United States 
reduced the par, value of the dollar inMarch 1974, all of the. 
major world currencies convdfted to a ^system of floating 
exchange rates. The precise impact of these changes on the 
USmiadt position is not known,. but *n geneial xhey are 
tlypght to enhance the competitiveness of L£^zk$oiu. A 
dftailed.discussion of ibis topic is presented *n the 
Brport *f iht ?rrs*iem, Coynul of Economy. Ad* *sers, 19?$,jpp. 
159-219* ^ * • 
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» "was almost five times greater than that of 1960 
and more than 2% times the 1972 level In 
contrast, the trade balance for non-R&D- 
intensive manufactured goods was near zero in 
the early 1960's but steadily declined from 1964 
to 1974* In 1975 this balance Temporarily jose 
due to a reduction of the irrmbrtation of non- 
R&D-intensfve ihanufactur^ products caused 

• by the general .effects of the worldwide reces* 
sion, a slowdown in consumer spending, a sharp 
decline in industrial output, and inventory 
liquidations. Some of the 1975 drop in imports 
can be traced to, reductions in the quantity 
and/or value of product groups such as transport 
^equipment, and metal products. However,, in 
1976 the non-R&D-intensive balance dropped 
74 percent to -$16.5 billion^ representing a 
return, to the long term trend of an ever 
increasing deficit 7 * Clearly the technology- 



*• lntanas**d Rfpet} ef thi PmdatL Council on International 
Economic PoIkj, t*et« tnre Of I fke of the President, 1 9?&, pp. 
HZ?, trvLUS. Department of Commerce, Domes!* and 
International Business Axfmintstrat*ofv Owtj»> Br»«cs> 
i * RrpnU (77-20), April 1977, pp* 32-16, * 



intensive product grouphas been responsible for 
yielding.surpluses and largely covering deficits 

• inV.tr^de from specific nonJl&D-intensive 
product groups throughout the period until 
1976. Its importance in maintaining an overall 
favprable^^de balance is unquestionable. 

%. The favorable VS. trade balancein'products 
from specific R&JD-in tensive mdus trie? is shown 
inPigure 1-29. 

~ Noneledrical machinery accounted for over one- 

* half of Use favorable balance in R&D- 
in tensiVe products in 1976. Hie recent 
growth in the balance for this area was 

.•largely a result of increased .exports of 
electronic computers, internal combustion 
engines, construction equipment and min- 
ing aftd well-drilling machinery- 
■ _ ~ - ~ * ' , -- 

Aircraft and farts i^tributed, approximate 
one-fifth of the positive balance in R&D- 
intensive products .in 1976, This group 
showed a decline in imports between 1973 
and 1976. - t . 

Omk&b accounted for 18 permit of the 

* positiv^balanceinR&D-intensive products. 
The recent increase in net exports of 
chemicals was due largely to growth in the 
sports of plastics, medicinal and phar- 
maceutical products, and manufactured fer- 

* * tilizers. * 

Etatrkal machinery had a generally declining 
balance of exports over imports between 
1965 and 1972, but showed a marked 
. positive increase of over 700 percent 
between I972r75. In 1976 the balance again 
decreased (31 percent) due to a surge in the 
' importation of consumer electronics surft as 
' transceivers and TV receivers. 

• * Professional and scientific i^irumenls has main- 

tained a steady but small growth in net 
exports since 1960, with an upturn of 123 
percent from 1972 to 1975. In 1976 this, 
growth leveled off due to a 34 percent 
increase in imports, * *-* 



Further insight as to the stift-of-the-art in 
05. scientific and professional instruments can 
, be obtained by examining the importation of 
scientific materials under the Florence Agree- 




V 



meAt 77 ^ This Agreement on the Importation o£^ 

Jucational Scientific and Cultural Materials 
fa&litates thg/international flow oi such 
exempting specified categories 



* The material in the f oBowng pin&ifhs was obtained 
front the record* of the Spedalfeport Program* Division, 
Domestic and In ternational Business Administration, US, 
Department of Comment, which is the VS. entity 
responsible for detenruning the"justifca&6n for duty-free 
entry based on criteria of technical need by a nonprofit 
orginua two and determination of dome&L unavailability of 
*<jentifKa% equivalent instrumentation for the applicant's 
Intended purposes. * * 



3ft 



ERIC 



45 



from customs dutiesand certiiri other importa- 
tioa charges. Approval of applications from 
nonprofit organizations for ajuty-free entry x>f 
scientific instruments; of apparatus, is granted 
only ahef^n extensive investigation process, to 
determine Uut the necessary specifications of 
the imported foreign instrument cannot be 
matched by a Domestically manufactured instil- 
ment or apparatus. Under this agreement, 
radical new technologies (such computerized 
transaxia} tomographers) can be imported duty 
free untifa similar instrument, or one which can 
perform -the same functions with equal preci- 
sion, is developed in the United States. 75 
Therefore, the pro p or tion of applications ap- 
proved provides additional insight on inven- 
tiveness by shedding light on where the cutting 
edge of scientific instrumentation manufac- 
turing is occurring. 

As of June 30, 1975, over 850 separate 
nonprofit institutions (including colleges and 
universities, hospitals, Federal and State 
GoWK?ment agencies and public and private 
research" organizations) have made application 
for dtrfy-free .entry of scientific instruments or 
apparatus. The largest number of applications in 
the United States are v made for transmission 
electron microscopes (26 percent) and ul- 
trainkrotcSnes (18 percent), with scanning * 
. electron microscopes taking a low third place (5 

percent)* / * * 

- * ■ 
Table 1-30 presents the percent of applications 
accepted for duty-free entry of scientific in- 
struments not available m the United States. It 
shpws that even though both the total number 
of applications ^and the percentage of those 
approved have declined slightly , over 90 percent 
of the applications decided upon were approved. 
^This suggests that even though the VS. trade 
Valance in scientific and professional in- 
struments has been positive and increasing 
particularly since 1972, many advanced 
researchers in the United States must still rely 
on foreign sources for the most advanced 
technologies (e.g., ultjamicrotomes) in in 
strumentation. There, are certain limitations 
which should be noted, such as the f act that only 
nonprofit organizaban«^are eligible for the 
special importation program, only those who 
need or want a waiver ofduty elect to become 
applkants> and the .program applies only to 



instruments at the tune of their shipment to the 
United States* In addition, applications are more 
likely to be made for expensive Hems which have 
highduty rates. 




There have been substaqtjii changes over thfr 
last decade in the mix of products underlying the, 
favorable trade balance. Several products have 
become increasingly important (including elec- 
tronic computers, fertilizers, electronic tubes, 
transistors and semiconductor devices), while 
the contribution of other commodities (such as 
tdecommun^tions apparatus) to # the overall 
positive trade balance has declined The mixture 
of growing and declining exports illustrates the 
complexities of the present U.S- trade position. 
The underlying dynamics of this position may be 
partially explained by the "product cycle" 
concept. 7 * Trade in manufactured goods, accord- 
ing to this concept, typically follows a cydgin 
which the UrutedStates initially establishes a net 
export position with the introduction of a new 
product, maintains this position until Hie 
technologies and skills necessary for manufac- 
turing the product are developed elsewhere, and 



7 * Scientific instrument* whxh are not i*d***Hy new, but 
who*e jpeoncaboo* cannot be notched dom esim j ^ , are # 
abo eligible for duty-free entry. 



'•Raymond Vernon, "InternattocuJ Investment and 
International Trade in the Product Cycle ~ Qwrff 7* JmnmJ e{ 
be*emk*< Vol 30 !M*y J966); pp. 190-207. 



then invests abroad tp minimize cos ts, becoming 
an importer . as the production is standardized 
This concept implies that the product structure 
oF US* exports must have a continuous infusion 
of new products in orderfor the UnitedS tates to 
"paaintain a* favorable tradetposition** 0 _ 

• The favorable position of the United States in 
R&D-in tensive manufactured products is based 
primarily on exports to all major US. markets 
except Japan* 51 The U-S. trade balance in these 
products is shown in Figure ior selected 
areas ancL countries. In 1976, the developing 
countries acqjfinted for 55 percent of the 
positive R&D-intensive US- trade balance; 
nonelectrical machinery and chemicals* were 
.particularly large ftet exports for the United 
States in trade with th&enatians. In the case of 
trade with Western Europe {24 percent of jhe 
positive balance), the tJni ted States registered its 
largest net exports in* the areas of aircraft and, 
nonelectrka} machinery {particularly in com- 
puters); US. net exports to Canada were 
con c e n tra ted, in the areas of electrical and* 
nonelectrical machinery* / * . 

A trade deficit in R&D-intensive manufac- 
tured products developed with japan in the midr- 
1960% and persisted thrqdgh 1976. Frqrrt 1974 to 
1976,>thls deficit increased 383 percent reaching 
over 2.6 billion dollars, largely due to a 51 . 
percent increiseln US, imports from Japan. The 
deficit occurred primarilyin electrical machinery 
products (particularly consumer electronics) andf 
to a lesser degree in professional and scientific 
Instruments and nonelectrical machinery. Only 
in the .areas of chemicals and aircraft Is the 
United States a significant net exporter to Japan. 
It might be noted also that thr United States has 
a negative trade balance with Japan in non-R&D- 
intensive manufactured products. 

Although not designated here as being either 
R&D-intensive or non-intensive, agriculture is 



** Although this theory has bctn widely accepted, a recent 
study by the University of Sussex of changing patterns of 
trade m manufactured goods within the OECD ta*u some 
doubt on the explanatory power of the product t yde theory 
of international trade See Yt3. Walker. Industrial Innova- 
tion and International Trading Performance," mtmeo 
(Brighton* England: Science Pobcy Kesearch Unit, University 
of Sussex, in press). f § * -**• 

" For a more rompJeie discussion of these relationships 
see Keith Pav>tt* International' Technology and the VS. 
Economy. Is* there a Problem?* in Tht ffitsb *i twkmtimd 
TedaK&& Tmtffm on US* Ej. enemy. National Stieme Fdunda 
tkxvPapers and Proceedings of a Colloquium /NSf 74-2.1, 
pp* 59-77* 
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an additional component of foreign trade which 
is significantly affected by the position of U-S. 
technology, The leading role of US. agriculture 
is due at least- in p ail to the contributions of 
science and technology in such areas as the 
development of new hybrids, the utilization of 
irrigation techniques? jthe improvement of 
fertilizers, pesticides, and herbicides; and the 
widespread mechanization of .production.** In 
1976, the United States exported $23-3lrillionof 
agricultural " commodities (with . significantly 
high volume in wheat, corn, and soybeans), and 
had a positive trade balance of $12*1 billion in 
agricultural commodities as a whole.* 3 



« AsrtL*hxT*l Pnfact** Efficiency, {Wellington* DC 
N>6pna! Academy of Sciences, 1975). . 

*» Chen*** Bmtam Kif§rh» Department of Commerce, 
Domestic and In term uonal Btmne»$ Admtmst ration, April 
1977* pp, 7 and 12. 



The importance of the positive trade balance, 
in R&D-intensive manufactured product? is 
illustrated by the feci- that* the net exports o(^ 
jsuch products in 1975 &$293 billion) were more 
than enough to 'offset the negative effects or 
^petroleum imports ($24.8 billion) f8r that same 
year, continuing a trend of several years. In 
1976* however, petroleum imports rose to $3L8 
billion, surpassing the positive balance in R&D- 
intensive manufactured products of almost $29 
billion,** Estimates for 1976 indicate a U-SJ. trade 
^efidt.of $5-87 billion (exports equaled $114-8 
" i and imports were $120.7 billion) * 5 Thus 

^ \ : 

**Tmb im US* Jentpt Trade I* 191$. Office of Inter 
national Trade Analysis, Department of Commerce, 1977, p. 



# the positive trade balance in R&D-mtensive 
o^nufactured products (almost $29 billion) was 
fotrenoiigh'to offset imports of petroleum 

^products And consumer; goods such as 
automobiles. This in pari is a phenomenon of tog 
rate of recovery of the U.S. economy relative to 
major trading partners. The 1977 Inlemtiiond 
Ecvncmu Report of At Pnstdtni stated that "despite 
some setbacks in 1976, present trends in 
technology - intensive trade aj>pear favorable" 
and that "there are some grounds for optimism 
as technology - intensive trade balances reach 
two to three time£ their historical average." 6 * 



Intenutjonat Ekmom* Policy, Exerafjve Office of the 
Preskient, 1977, p. 123* , 
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Resources for 
Research and Development 



I£B2H£ATOR HIGHLIGHTS 



National research and development (R&D) 
expenditures in the United States rose to an 
estimate^ $38.1 billkfn in current dollars in 
1976; however, constant dollar spending of 
$283 billion was only 2J> percent above the 
1974 total 

Hie* estimated' number of scientists and 
er^neersKfiill-iime-equivalent) engaged m 
R&D readied approximately 531,000 in 

1975, slightly higher than the 1974 total but # 
still far below the 1969 level of 558,000. 

As a fraction of the Gross National Product 
(GNP)/*nafibnal R&D spending has dropped 
from the^high of 2.97 percent reached in 
1964, falling to^n estimated 2.25 percent in 

1976. Estimated^ederal funds for R&D in 
1976 as a fraction of GNP reached 1.19 
percent, while Rinds from all other sources 

remained *near 1 percent. 

# 

Measured in current dollars, ^estimated 
Federally-Supported R&D. expenditures 
climbed to a new high of $20.1 billion in 
1976; hpWever, constant dollar levels stood 
at SlS^biflion, IS p ercen t below the peak 
reached in 1967. r 

The Federal Government remained the 
largest* source of R&D funds in 1976, 
providing -an estimated 53 percent of the 
total, while industry supplied 43 percent; in 
'contrast, Federal sources provided 65 per- 
cent in 1965 to industry's" 33 percent. 

R&D funds ffoTn industrial sources rose 
considerably in the period from 1960 to 
1976, from 54.5 bilhon to an estimated $16.6 
billion. Inconstant dollars, these industrial 
R&D expenditures readied a new high of 
$124 baton in 1976. 



In g^ieral, the Nation's R&D performers 1 
increased their spending in current dollars . 
each year since 1960; in addition, ^after. 
lagging for. several years, constant Hollar 
expenditures have also begun to rise with 
estimated 1976 spending by most sectors , 
showing some increase over 1974 levels. 

R&D funds for the*three types of R&D 
adtivities — basic research, applied research/ 
and development— have shown litfle change 
in proportions availaWe to each tfiroughout 
th£l979^in 1976 basic researchheld nearly 
a- 13 percent share, .applied research ac- 
counted for 23 percent and development, 64 
percent. „ * ; * *, 

As a fraction of the total Federal budget, 
R&D funds have declined substantially, 
falling to an estimated 6 percent in 1976 
from a high of 13 percent in 1965. As a . 
fraction of the "relatively controllable" 2 
portion of the Federal budget,. R&D x>u Hays 
amounted to 13.5 percent in 1^76 — the 
lowest level since 1967 when they were 16.3 
percent. . / 

National* defense activities consumed^the 
largest portion of Federal R&D funds in 
1976 while civilian areas 5 and jspace explora- 
tion took jij* ihe remainder. National .- 
defense R&D accounted for an estimated 50 
percent in 1976. Civilian, areas held 37 ' 



1 The sectors included are industry, Federal intramural 
laboratories, universities and colleges with their Federally . 
funded Research and Development Centers, and other 
nonprofit institutions. 

3 That part of Jpe Federal budget which is subject to annual 
appropriations, rather than determined by fixed costs and 
"open-ended* programs whose funds Increase by law. 

•> Includes was such as health* energy, and the environ* 
men t, see Figure 2-10 for a listing of civilian R&D categories, 



*• "'-, - - - * m 

-- - *■ - ** ** 

percent in that year* while space activities 
had a 13 percent share, : ; V - 

Estimated current dollar funding levels for 
defense H&D in 1976 were 19 percent 
higher than those in 1974, while civilian 
areas advanced 35 percent during the same 
period (primarily due to increased funding 
for energy-related R&D). Support for space 
prpgrant R&D role lx£jl6 percent- In 
constant dollars, defense^ cjyilian areas and 
space- rose by 3 perten^S percent and 1 



percent respectively between 1974 and 
1976. 



Federal obligations for the dissemination of 
scientific and technical information, mea- 
sured in real doQaxs, peaked in 1968 at $435 
million but fell to an estimated $321 million^ 
in 1976, the ratio of these Qbligaticjns to to tal 
Federal obligations for B&D dropped below 
the l^fctto 1974 figureof ,025-.026 to MO 
in 197311 ; \ 



The national research and development effort 
draws its support from a wide variety of public" 
and private resource*. An assessment of the>e 
* resources and a review of how they ma> be 
changing oyer time can offer considerable 
insight into the status and health of U S *aence 
and technology. 

Typically, most U S. research and develop- 
ment resources go to critical areas such as 
national defense, health, energy, and the en- 
vironment, as well as to space research, • 
transportation and other matters of national 
concern. Significant resources are also used to 
develop new and improved industrial products 
and processes, and to ad\an^e the understand- 
ing of nature through programs of basic 
research 

•All components of research and - 
development — basic research, applied research^ 
and development— are studied in thts chapter 
"Basic research" has the purpose of aiqumng 
scientific knowledge of natural phenomena, 
where the primary aim is fuller.understandingof 
the subject of the study, rather than specific "* 
application of tjje fe*uliing knowledge. "Applied 
research" may have a similar purpose, but the 
prime aim i* the polential application of the 
acquired knowledge The fields encompassed in 
basic^and applied research consist of the life 
sciences* fin dueling the medical science**, 
physical science*, mathematical sciences, and 
engineering, as well as- the psychological and 
social sciences? Development" consists of the 
use of knowledge gained from, research, m 
conjunction with technical skills for the design 
and prototype construction and* testing of 
materials, devices, processes, products, systems, * 
and methods. . ' * 



Indicator* of trend* and levels of activity in 
the*e *cientifu fields are intended to serve^a* a 
yard>ttck for measuring the allocation and u*eof 
f manual and human resources in the Nation's 
R&D effort They include several measures of 
the absolute and relative magnitude of these 
resources, a$ well as analyses of the sectors 
which supply and utilize them. Indicators of 
financial resources for basic research, applied 
research and development are ajso provided 
Trends in Federal funds for R&D are-placed in 
perspective with fhe total Federal budget, and 
with various broad areas of R&D activity. 

Other important aspect of R&D activity 
include resources for research facilities, and 
trends in the dissemination* of scientific and 
technical information More detailed examina- 
tion of particular" areas of R&D activity and 
measures of output are presented in subsequent 
chapters 

The indicator* are not presented as being 
cornprehen*ive and in -depth measures of trends 
in the allocation and use of resources. for R&D 
Their shortcomings' reflect both the conceptual 
problems' m research on re*earch and data 
limitations, such as the difficulty of *eparating 
R&D obligation* from other* programmatic 
obligations of Federal agencies. 5 The indicators 
also do not provide measures of the extent to 
which the resources erjgage the Nation's full 
R&D capacity 1n addition, indicators have not 
yet beep developed for gauging the general 
effectivene** with which the R&Dresourcesare 
utilized, nor the efficiency *with which these 
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resources are translated into R&D activity. 
Another deficiency is the lack of indices of the 
quality of the resources directed to R&P, 
particularly the qualifications of 'the sdentists 
and engineers, involved. Dafca^nd information 
are also incomplete „ regarding the ^national 
purp6se&:_to which total R&D resources are 
dire^te^ only in the cas£ of federal, obligations 
can R&D resources he classified according Jo 
areas of national concern such as health, energy ' 
and national defense. In the Industry chapter of 
this report, -some data are available regarding 
funds for energy, pollution abatement, defense, 
and space. Notwithstanding these limitations, 
the indicators of spence and technology 
presented in this and other chapters represent 
the state of the art of U-S. sdence indicators. 



NATIONAL RESOURCES 
£OR RESEARCH ANt> DEVELOPMENT 

National commitment to the support of 
reseapch~and development remains stxdng and 
furidirrg fevek are & an aH time high; hbwever, 
acttudfmrchasing ^ower for R&D has been cut 
sharply Tsy -inflation. Total R&D expenditures 
for 1976 in ctorgnt dollars^eached an estimated 
$38.1 trillion, IB pereertt above the 1974 level of 
$323 billion and almost 3 times the 19&0 figure 
of $13.6 trillion "{Figure 2-1). However, the 
constant dollar 5 riseto $26^fciIIion in 195(6 was 
onl£ 2J5 percent above the i974 total of$2&& 
billion, and 5 percent below the peak figure of 
$29*9 trillion reached in 1968. 



Highly correlated' with constant dollar 
national R&D expenditures are employment 
levels* of sdentists and engineers engaged m 
R&D activities {Figure 2-2) * On a fldf-iime- 
equivalent ^asjs, they numberedjiearly 531^000 
in 1975, up I percent from 1974, but>elow the 
high of 553,000 reached in 1969. In the period 
1973-75, employment of R&D sdentists and 
engineers increased by £,400. 

Expenditures for R&D as a percent of GNP 
have declined since the 1964highpf 2.97percent 
(Figure 2-3). In 1974, thisratio had reached 2^9 
percent, ^nd fell, to an estimated 2.25 percent in 
1976. The decline which began in 1965 is due 
primarily to a sharp drop in R&D spending from 
Federal sources, "pie Governments R&D ^sup- 
port fell from U98 percent of the GNPfn 1964 to 
an estimated 1.19 percent in 1976. R&D 
expenditures from non-F^eralsqufcesstood at 



* Scientists and engineers are defined as those perform- 
ing professional scientific or engineering w6rk.in research 
.and devdoproent, requiring a bachelor's degree or its 
equivalent in science or engineering. See Chapter^ for an 
extensive treatment of scientists; and engineers. 



* Data oq R&D funding.arc presented in both current a^nd 
constant 1972 dollars in portions of this chapter and 
elsewhere in the report- Jhe use of constant dollar* is ah 
attempt to reflect the reduction in thepurchasing power of 
R&D resources which his beerr caused by inflation, thereby 
providing -a more accurate indication of the real level or 
magnitude of R&D funding and effort*. Inflation in the 
economy at large has reduced the purchase value of one 
dollar in 1972 to only 7$ cents in 1976. In the absence o£a 
prkedtflalor specifically for R&D # the calendar year implicit 
price deflator for the Gro*s Nationalfroduct (GNP) is -used 
to convert current dollars toconstant dollars; 1972 is chosen 
as the base or reference year irU^eeping with Federal 
statistical standards. The GNP Implipt price deflator, which 
applies to the economy as * whole, is necessarily general in 
scope and is only approximately appropriate for use in 
connection withaJR&D as a whole, or with specific R&D- 
performing sectors, types of costs, and fields of research 
However, this approximate^hut uniform conversion method 
is preferable to various intuitive estimates of the effects of 
inflation on R&D." r ~~ 




1.06 percent of the SNP^n 1976, up from the 
1^64 level of .99 percent But have remained 
stable at between 1.06 and 1.09 percent in the, 
, lasts years of this period. The non-Federal share 
was at its highest in 1969 and 1970 (US 
percent), peaking 5 years later than the federally 
supported share. " - ,> 

t - 
Sources of support - 

Since Worid War H, the primary source of 
iiirfds for R&Q has been the fi&eral Govern- 
ment, while industry provides the second largest 
share- Government 'provided an estimated 53 



percent of national R&D^funds in 1976 while 
industry accounted for 43 percent (Figure 2-4)* 
Universities and colleges and other, nonprofit 
institutions each Jie|d 2 percent, their shares 
haye not varied, substantially throughout. the 
* 107<fa> The Government share in 1976 was 
down considerably from the 1960 figure of 65 
^ percent, whUetheindustryfractionwasup.frbm 
th€ 33 percent recorded in the saihe year*-. , * 

In^current dollars, estimated A 1976- R&D 
expenditures from Fedfcral fouises were almost 
2% times the $8A KUion reportedjn 1^60. 
However, Federal suppoit of R&D measured in 
constant dollars peaked in 1967 and declined 
markedly throughout, the late 1960% and early 
1970%. The 1976 figure stands 15 percent below 
the highest -mark deferent ^profile has 
developed, in indiistry-suppbrted"R&"D where 
constant dpllair amounts show k pattern of 
substantial grovyth since. 1960 leading to a peak 
ol $12.4 billion in 1376. ^ ■ * / * V-f 

Contributions by universities and colleges 
have also showj sustained growth, with cop- 



w 



%tant r^fla* R&D' expenditjures^ \d^dng . 5 
percent in the 1974-76 period.? I . 



i 



* Data in this rt^ort for universities and colleges include 
jordy ser^telyK^nuetf R&D; expenditures for the usual 
teaching/research assighments~of the faculty are excluded 
because of. the difficulties- in measuring their research 
component. \ — _ ^ " - , : - 



Similar gains were made in R&D funding by 
other nonprofit institutions^ Spending tn + 
current dollak from these ^oQrces rose to fux 
_ estimated $595 milBon.in-1976, up$96 Trillion 
from the 1974 fevdfor an increase of £9percent 
Constant ddlar ajnounts aW'TW/ with fee 
1976 level 'matching the peik spending seen in 
1973.. - > " f 
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Expenditures by R&D-p£rforming sectors * 

Increases in total national expenditure* l)y 
R&D performers have been registered eacijt year 
* ^tweeri 1960 and 1976 (Fig^ure 2-5). However, 
inationary pressures have significantly eroded 
these advances. For all performers,, real dollar 
levels in 1976 remained below an earlier ygar of 
ptak spading, • ^ * . 

- t Total cbnstani dollar expenditures for all 
sectors in< 1976 remained"5 percent below the 
'high of $29.9 b^onreachedin 1968, andgained 
9 only 3^ percent oyer the 1974 level of -$27.8 
-billion. T&fe ! category "other nonprofit in- 
* v stittitions^d&lined most markedly of all per- 
formers* Itar6ppedJL9 percent from its constant 
dollar 1970 peak of $1-2 Miqn to an estimated 
* $935 million iir 1976. XSirop of 13 percent 
birred in the 1974-76 period alone. On the 
ler hand r universities and Colleges spent 5 
Etent more in 1976 thaitin 1974, even though 
constant dollar expenditures remained below 
■ *4ie 1973 peafcyear* . -* 

'* Industry accounted for the largest share of 
taltppaj R&D expenditures, with 70 percent in 
976^$wn from its 78 percentshase in 1960. 
Jnjivef sifies and colleges have absorbed most of 
~tfie change, growing from 5 percent in 1960 to 10 
■percent in 1976. 

Second in pending were Federal intramural 
laboratories with 15 percent 11^1976, slightly 
above the 1£60 levSl t>f J3 percent. Federally 

f Funded Resedr^h and Development Centers 
administered by universities and other nonprofit 
Institutions £ach held about 3 ^percent in 1976, 

^similar to* the portions held in previous years. 

Scientists and^engtneers'in l r 
R&^performuig sectors ^ 

- r * * \ 

. Employment levels for R&D scientists and 
engineers were at their highest (558,200) in 1969 
- \yhen R&D spending in constant dollars was also 
at its peak, <They declined until 19^72-73 when 
they, leveret off above 521,000?- then began an 
upswing_reaching an estimated 530,500 in*1975 
(Figure 2r2)* Evfen wU^jhis increase, however, 
s 1975 employment was 5 percent below the 1969 
peak year, and pnly 0.^ percent above the 1974 




* Para for 1974 reflect ashif t of 6raper Laboratories from 
the university and college sector to the nonprofit* sect &r , 
\oU\ R&D spending by this laboratory was estimated at 
approximately 555 million lit 1974. 
. ^TuU- tim equivalent basis. 



level of 527,200. '.About two-jlurds o^all 
scientists and engineer* employed in R&D 
activities have bfeen found jn the, indjCistrial 
sector since the late 1960%. The Federal Govern- 
* ment and academic sectors each employ about 
12-13 percent and other nonprofit institutions, 
cfbout 5 percent- About 2 percent are employed 
in &e Federally Funded Research and Devel9p- 
mgnt Centers administered by universities/ J 



Basic research, applied research, - 

and development % : ^ _ 

Development efforts absorb the largest : 
proportion of expenditures' among the three £ 
categories of R&D. They have typically- ac^- % . 
counted for abou t^o-thirds of tjie total iijEfceh _ \ 
year since 1960 (Figure 2-6). Slightly less than * . * 
one-quarter was reported $s applii^ research, 
and basic research took up the remaindi 

fc # * With pnly minor exceptions, currem^dollar 
expenditures in, all three categories rave ad- * 
vanced yearly ^since I960- Howeyer, ^liffej&nt* 
picture emerges when constant dollar amounts 
are viewed. If^h6ws spending for development 
reaching a peak in 1S68, thenfaflingby ^percent 
to the estimated 1976 level of $18*3 bflfion.^A 
similar pattern appears in basicresearch with the . 
estimated 1976 figure of !$3:ct l^qn in constant 
dollars falling 11 percent below the lj?68 peak. 
JThe only component which has reached tkhew 
high in real dollars is appUedresear^ 
advanced to an estimated $6.f billion in 1976. 

V Between 1974 an^l976, constant dollar expen- 
ditures fojr.basic research, applied research, and 
•development rdse by 2 percent, 3 percent; and 2. 
Splint respectively. . *V _ ~S$*s 

^ 'Funds for each R&D component are derived . 
largely , from' thfe Federal Government/ but 
substantial support is received from inSu^trjr, 
colleges and universities, and other nonprofit 
r institutions* In basic research a shift toward 
' increased support by' the Federal and academic 
sectors and reduced industrial support occurred r 
throughout the i960's and has* persisted 
through 1976. The Federal portion of basic 
0 research support rose to*68 percent in 1976, well 
above^he 1960 share of 59 percent (Figure 2-7). 
Universities and college$Jnc$eased jheiKshare 

* frotti 6 percent t© 11 percent in the same period. 
The industry share dropped almost ih half, from * 
28 percent in 1960 tal5 percent in 1976rSuppprt 
by other nonprofit institutions has not yried 

* dramatically oyr the 1960-76 period, folding at 
6 percent in 1 



* 
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lit constant dollars, 1976 expenditures for 
^basic research from all sotirces except other 
nonprofit institutions fell Below a previously 
' attained* year ol peak spending, even though 
they rose above 1974 levels. Industrial support 
was percent below its 1966 peak. Federal , 
pending was down 15 percent from the 1968 * 
high/ and universities dropped & percent below 
ihe maximum reached in 1972. 

Government and industry support accounted 
for almost all applied research expenditures in 
1976. The Federal share stood at 54 percent in 
1976 whileinduiay held 41 percent These two 
sectors have shared the financing of applied * 
research in roughly the same proportions since 
JL960- Constant dollar expenditures for applied 



research rose 5 Qercent between 1974 and 1976 
from the* Federal sector and 6 percent frojn . 
universities and colleges. Spending from in- 
dustry rose only 1 percent during the sajne 
period, "but readied a new high 'in constant 
dollars for R&D. 

Costs for development were shared equally by 
Government andindustry in 1976. Thishas been 
the case since 1973, and represents^ significant 
departure frpm 1960 when Government held 63 
percent and industry provided 32 percent. 

Constant dollarexpenditures for development 
showed industry teaching a new peak in 1976. 
Federal constant dollar spending in 1976 stood 
25 percent below the 1966 peak of $12.1 billion. 




FEDERALLY FUNDED R&D 
IN FUNCTIONAL AREAS 

An assessment of Federal R&D 'funds pro- 
vided to specific functional, areas-^-such as 
defense, healthy energy, and projects aimed at 
the expansion^/ basicsdent^ckno>yledge^can 
give insight intcfjust howmtich dependency the 
Government places, on U&D as a means for 
understanding and dealing with subjects that are 
of great national concern. ^What follows is a 
description^ FederaLtesputses in ttfiajor R&D. 
functionalareas. Toprovideperspective / Federal_ 
R&D expenditures are compared with total, 
Federal expenditures, Federal expenditures In 
principal functional areas toward which R&D is 
directed, and [ the , R&D component of Jthe 
"relatively controllable" portion of thi Federal, 
budget/ Thil portion of the budget includes 
those items which are generally established by 
the»current budgetary actions iof dttfer the 
Congress or Executive branch and which argno t 
shnply the playing put of previous legislative 
actions. The controllable ^portion excludes 
programs^ such as. income security, medical 
benefits, interest oh Treasury bonds arid, 
reyenue sharing which irtly "Increase by law* 
These are considered uncontrollable because 
amounts required to support them are often 
open-ended and eligibility cannot be controlled 
by current actions. Since 1967 wie ejSH&i y£ar 
for «which such data are°available)y the con- 
trollable portion of the Federal budget haVj>een 
dedjaing. In 1976 it stood air 42 percent, 
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subslantaiy lower than in 1967 when the 
controllable fraction was 65 pefcent 10 

A parked dedine in thepercentage of total 
Federal outlays accounted for by R&D and R&D 
plant" began in 1965* and has continued into 
1976J During this period, R&D expenditures 
have dropped to 16s than 6 percent rrom the 
1965 fevet of almost 13 percent '{Figure 2-8). 
Measured* -as a percentage of controllable 
outlays, R&D expenditures have dropped to the 
lowest level r^orded since 1967, They com- 
prised 13,5 percent of controllable outlays in 
* 1976, abbut 3 percentage points below the 1967 
peak^J - 



Areas of federally funded R&D 

Federal R&D falls into, three main areas, 
national defense, space exploration, and 
"tiviEah~areas (such as energy, the environment 
tod health)* Hgure 2-9 shows Federal 
obligations for th^se three major functions. 12 

J Almost half erf all 1976 Federal R&D 
obligations were f^r national defense. These 
costs reached an estimated SlO.fcbiflion m 197o> 
a jump of 19 percent over 1974 spending. 
Constant dollar amounts were 3 percent above 
the 1974 level, but 17 percent below the peak 
year recorded in 19692* 

^Spending for civilian R&D. is largest in size 
afiEer defense, ancf accounted for about 38 
percent of ill the %976 Federal obligations for 

, R&D. This area has shown remarkable growth. 
In torrent dollars^ obligations grew 35 percent 
between 1974£nd 1976. In addition, a constant 

* dollar g?ain was registered in each year of the 
196?-7§ period Overa&J'eal dollar obligations 
in 1976 for civilian R&D advanced 48 percent 



**7nese e$6nutes were obtained from Mend U*i> /** 
Roarfc Ddxifncni. tmd Othrr $ot*t$n famm. National 
Science Foundation (NSF 7«34), page 4 For a more detailed 
&cu»ioo of ^controllable* and "uncontrollable'' 
ponents of the Federal budget, see Srfftitf NtfiwJ fVwnto— . \ 
The .1976 Jhfot {Washington- Brooking* Institution, 19QS>j, / 

"K&D plant ihdudes facilities and Urge items of fixed 
» equipment For a more delated discuss ion of this" topic see 
the section on R&D fUn^dttm this chapter. 
,= « Data are available regarding R&T> by functional area 
only for Federal sources. The assignment of Fedeiat R&D 
programs to lithe functional areas was performed «ndei iht 
supervision of the GcwernmenfStudies Grouj^ Division of 
Science Resources Studies, National Science Foundation 
. i yCpenparabte data are not 'available for years poor to 
1*6~ 
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above the 1969 level, and gained 18 percent 
between 197^an^&7^ 

Obligations f $r the Nation's space program 
show a pattern almost directly opposite thatibr „ 
civilian areas. Constant dollar spending elLeach 
year between 1969 and 1975, then roseWpercent 
in 1976. The estimated 1976 real dollar Hgure of 
almost %Tl billion was 50 percent below the 
peak reached in 1969, and grew only 1 percent, 
between "1974 and 1976. 

The 1976 R&D programs within these three 
•broad categories are described briefly below. 
Items which accounted for significant portions/^ 
of obligations in each area are discussed. * 

National Defense. Obligations forl97&were 
directed^ missiles; other equipment; aircraft: defense- 
related a&mk entrgy; ships and small croft; and military 
agromuiks; ordnance and combo} vehicles, to name the 
major areas. The major components of the nrissik 
subfunction included Navy programs, such as* 
the Trident submarine-Jauncned xrus$8e«¥s&a£ 
die fleet ballistic missile, system, and the sea^ 
launched, cruise missile. They also include 
Army programs such as the short-range air 
defehse milsile system, the SAM-D system, and 
improvements to Chaparral/Vulcan and Hawk, 
as well $s the Site Defense program, and the 
ballistic missile advanced technology program. 
Air Force efforts included development of the . 
air-launched cruise nussfle and the advanced 
ballistic missile technology program. Other 
equipment obligations covered, as an important 
component, work of the Air Force on the E-4, 
advanced airborne command post. Obligations 
for aircraft and related equipment included work by , ' 
the Air £orce on the B^l bomber, the F-16 air 
comba£ fighter, and the advanced mecfiumSTOL , 
transport. Navy projects included theair combat 
fighter, the air antisubmarine warfare system, 
and tK^ airborne electronic warfare equipment 
program, >vhile the Army was working on the * 
utility tactical transport aircraft system (UT- 
TAS) and advanced attack helicopter TtAAH) 
programs. In the area of ddrnse-rektcd atomic tnergy 
{the responsibility of ERDA) laser fusion, 
weapons R&D and testing activities and naval 
reactor development comprised the major 
programs for 1976. The suwunction ships, small 
craft and related equipment covered work-by the Navy 
ontfieTrident*subrmrine,surf^ 1 
amphibious assault craft, hydrofoil craft, and 
surface antisubmarine warfare. Included under 
military astronaut^* were-further.development of 
the NA VSTAR gJobalgpsitionings system, work 
relating To warning and assessment* of missile 
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attacks, a communications satellite system, and 
efforts toward uie of Ihe NASAspace shuttle for 
launching military payloads. A new Army XNH 
tank and antitarifc capability were in develop- 
naent under the subhmcfon^crinance, corneal 
vehicles tni'nklti activities* as were efforts toward 
improved mine systems fpr the Navy and the Air 
Force, and improved air delivered weapons, 
prototype laser weapons and^uns for the Air 
Force A-IO dose air support aircraft and air 

superiority aircraft 
~.".*- . » 
Space Exploration* The major 1976 programs, 
were categorized as ms*»^5ptftt^ 
space iecknology; and snpporiingspace activities. Msnnei 
space flight inithr faggst subfunction and had as 
its major focus the^ development of the NASA 
space shuttle. Additional programs were largely 
grouped under space flight operations, and these 
.included space life sciences, mission systems and 
integration, and bask operational, engineering/ 
technical and scientific activities in support of 



manned space ffigkt. The second largest sub-, 
^funcfion was space sciences, which had as its chief 
component the NASA lunar and planetary 
exploration p rogra m* Besides continued analysis 
of lunar material and d&ta telemetered from the 
Moon, this broad program covered the Viking 
exploration of Mars, the development of * 
Mariner spacecraft for the Jupiter-Saturn flyby 
missions, and development of an orbiter arid 
probe spacecraft for -launching to Venus. It also 
included plans for a Helios mission tco- 
sponsored by West Germany} to study the 
medium dose to the Sun. Also included in the 
space sciences subfunction were a. broad physics 
and astronomy program^ covering stellar 
astronomy, solar physics investigations, high: 
energy jtstronomy and space physics irj- 
vesjtigatjons. ppace technology covered Efforts to 
provide , a sound technology base for space 
programs. Work was involved with adyandng 
technologies used . in systems required to 
transport, protect, power, control, and com- 
municate with NASA spacecraft and scientific 
instruments needed to achieve mission objec- 
tives. An ERDA space nuclear systems program 
and the NASA applications technology pro- 
grams were also included under this subfunc- 
^tioru Supporting space activities were related to the 
•operation of tracking and ; data acquisition 
networks. 
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Civilian R&D (otherthan space): Thereare 13 
areas that make up the civilian* R&D category. 
The largest of these are health and energy, 
together accounting for almost one-half of all 
civilian R&D obligations irt 1976 {Figure 2-10; 
s€e Appendix Table 2-11^ for current ^dollar 
amounts)- The recent rapid growth in R&D 
obligations to the _ttvflkn__ sectors was_due_ 

.primarily to increased funding for energy* 
Measured in constant dollars, Federal 
obligations for energy R&D alone jutaperf 135 
percent abov^jhe 1974 level, and ^percent 
over fundirtg'prcn^edin 1969* Spending for 
environmental efforts rose 23 percent above the 
1974 figure in constant dollars. Although 

^obligations for health R&D accounted for a 

^substantial portion of the rise in civilian R&D 
spending since 1969, real Hollar obligations have 

- -actually dropped by 2 percent since Kfr4* 

The areas included in the civilian sector are 
listed here in Table 2-11 atortg with the 
proportion of funds going Tto each* 

The following are brief descriptions of the 
largest dVilia£rR&D areas, - 



{1} Health covered the subfunctions oibiomedkal 
resmrck; *e*hi JueJlh ddmry vf keshh um and 
drug ukust pr&pdum *nd Ttkahilil&tioiL The 

- largest of these was tiomedic&l rtsearth 
accounting for 92 percent pf aH Federal 
health R&D obligations in 1976. It induded 

_ activities of 11 components bf the National 
. InsHtutesofH^thpipV)wlikhdeal%^ 
specific chronic and communicable diseases 

m ^and general medical sciences, a/ wfll as food 



and drug research and work on disease 
controL Biomedical research obligations 
have tended to grow steadily year after year. 
Menial htallh programs were the responsibili- 
ty of the Nationallnstituteof MentalHealth 
within HCfV's Alcohol, Drug Abuse and 
Mental Health Administration (ADAMHA). 
In 1$76 this activity represented 4 percent of 
the federal R&D obligations for health. 
Dtlhny of hesdlk me consisted o£a number of 
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HEW programs with widely different mis- 
sions, including the health services research 
arid evaluation program, of the Health 
Resources Administration (HRA), emergen- 
cy medical services programs and the / 
.material and child health services programs j 
of the Health Services Administration/ 
(HSA), and the national health statistics 
program of HRA Th£y accounted for 2 
percent of the 1976ghealth R&D total 
compared with 5 percent in 1969. The last 
category of health-rela ted activities is that of 
frug abuse prevention and rehabilitation, which 
included , the drug abuse and alcoholism 
research activities of ADAMHA, and the 
drug abuse program of the Veterans Ad- 
- . ministration, This categoSf .. made up 2, 
. percent bf the 1976 health ibtaL Current 

* dollar funding in 1976 fell 6 percent below 
1975, primarily because of the termination,, 
of the Special Action Office of Drug Abuse - . 
Prevention* f 

(2) Energy Development and Conversion wa^ 

* divided into subfunctions related to specific 
aspects of the energy problem, and these are 
jmlear energy; fossil energy, s$ar, geoihermal and 
advanced energy systems; energy conservation, *and 
other,. In 1976, nuclear energy activities related 
primarily to ERDA research on fission and 

.fusion pdwer, nuclear ^materials develop- 



ment and advaitced isotope separation 
techniques. The Nudear Regulatory Com- 
mission conducted reactor safety^ research 
and was engaged in nqprfcactof confir- 
matory research. Under the suhfuncKon of 
fo&l f*eb were grouped several ERDA 
programs, including, tho^e dealing with coal 
utilization, petroleffm, and natural gas, and 
of these the coal program was by far the 
largest. Research on solar, geoihermal and 
advanced energy systems formed another sub- 

. function, with most work under the broad 
heading sponsored by ERDA. Energy conserva- 
tion programs covered ERDA. Work on 
electric energy systems and energy storage- 
It also included studies aimed at improving 
efficiency, arid various conservation prp^ 
grams sponsored by TVA, DOT,and NSF. In 
1976, the chief R&D effort conducted under 
the category of other energy was a NASA 
program devoted to implementing energy 

activities that require aerospace technology; 
this was accomplished through support to 
other agencies, State and local governments, 
and others. _ _ ^ 

(3) Environment included the areas of environ- 
mental health and safety, pollution control and 
e nviro n m ental proltdion, and understanding, 
describing, and predicting the environment. Environ 
mental health and safety was the largest of these 



in 1976, making up two-fifths of the entire 
environment function* The I ERDA » 
biomedical and environmental research 
program was the latest one under this 
subcategory, followed by rBiireau of Mines 
iealth and safety research, Within thp 
pollution control and environmental protection 
< subfimction--one-thirdoftbeenvironment 
functfcn-Hthe largest program axea con- 
sistedof a group of enetgjj-refeted environ? 
mental programs conducted hy EPA, Also 
included were EPA water quality and air 
quality researqhand dwetopment,*nviron- 
mental quality monitoring projects by 
NASA, nuclear materials security, and 
safeguard programs by ERDA, andvarious 
- NSF, TV A and DOT programs. Understand- 
ing, describing, and fredicting Ike environment 
accounted for over one-fbu#h of the 1976 
environment total Under this subfunction 
were found a wide variety of environmental 
satellite projects supported by NASA and 
.related to weather, ocean, and pollution- 
monitoring, and environmental service 
efforts sponsored by the National Oceanic * 
and Atmospheric Administration within the 
Department of Commerce. 

(4) Science and Technology Base covered 
support of basic and applied research in the 

* various fields of science, where the chief 
purpose is to support research as a source of 
national scientific strength rather than to 
support agency, mission objectives, Basic 

t research obligations which can be associated 
with the agencies? missions are not included 
in\Stience and Technology Base/' Almost 
oite-half of this m functibn in 1976 wa% 
represented by NSF Scientific Research 
Project Support and more than one-third by 
ERDA's physical research and basic energy 
programs. Also included were NSF support 
to the National Research Centers, and basic 
research support by the Smithsonian In- 
stitution, and the National Bureau of Stan- 
dards, t 

(5) Transportation and Communication was a 
function that incorporated research and - 
development in air, ground, toalcr, and mul- 
timodal transportation subfunction areas in 
addition 'to Work in communications. The air ^ 
-subfunction was the largest, accounting for 
almost three-fifths of the total in 1976. 
NASA's— aeronautical research and 
technology program made up most of this 

, v subfunction and more than two-fifths of the 
tote! function. Ground transportation en- * 



compassed development anddemrfhstration 
programs of DOHs Urban Mass Transpor- 
tation, Administration and R&D efforts of 
DOTs Eederal Railroad 'Administration, 
National IJghway Traffic Safety Ad- 
ministration, and .Federal Highway Ad- 
' Ministration* Vfaier transportation R&D 
efforts included those of ifie Maritime 
Administration (Commerce), "and of the 
Coast Guard (DOT). The multimodal sub- 
function wis entirely made up of a program 
of the Office of the Secretary, DOT, to 
stimulate industry to advance transporta- 
tion technology and universities to further 
research. Under the communications subfunc- 
tion the chief activity was the NASA 
communications, $£teflite program. . - "* 

(6) Natural Resources includes, R&P activities 
aimed at improving utilization of the 
Nation's mineral water, land, recreation, and 
multi-resources. Included in the mineral sub- 
function were geologic- and mineral re- 

* sources surveys of tie Geological Survey 
(Interior), mining technology^ and 
metallurgy research of the BiiT&au of Mines 
(Interior)* Studies of water resources covered 
water resources investigations of -the 
Geological Survey as well as research 
sponsorshipbytheOHiceofWaterResearch 
andTeclmology (Intenpr). The W subfunc- 
tion^ included forest insect and disease 
research and timber ntanagement research 
of the Forest Service (USpA), as well' as 
cooperativefbrestry research sponsored by 
the Cooperative State Research Service. In 

'4976 the recreation subfunction consisted of 
several programs of" the Fish and Wildlife 
Service (Interior) dealing with wildlife 
resources, wildlife restoration and fishery 

* resources, andafewoffiersm^erprogfairis 
of the Forest Service andTVAI Also included 
under natural resource^ was a fnultiresoufce 
subfunction jfljat covered all NASA earth 

. resources surveys, investigations of the use 

9 and improvement of soil, water and air by 

* the Agricultural Research* Service (U5DA), 
. and the Sea Grant program of NOAA* 

(7) Food and Fiber inflected work of the 

• Cooperative State Research Service 
(USDA), -plant and animal production 
research of the Agricultural Research Ser- 
vice, ocean fisheries and* living marine 
resources researth of the National Oceanic 
and Atmopsherid Administration (Com- 
merce), and various USDA marketing and 
distribution efforts* 



18) The Education function Jvas entirely com- 
pb&d of HEW and NSF programs in 1976. 
These included programs of flie Office of 
Education (HEW) and the Nationallnstitute 

+ ofEducafion (HpW> while the NSF effort 
involved sdence education improvement. * 



RESEARCH FACILITIES 

Effective R&D programs cannot be under- 
taken unless adequate facilities are available. An 
examination of resources available for R&D 
laboratories can provide information about 
factors much have a direct impact on the ability 
to ^perform R&D activities and serve as another 
indicator of the health of the U.5. R&D effort. 
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J Resources in this area go for the acquisition, 
construction, and major repair of R&D facilities, 
as well as for the purchase of large fixed 
equipment such a§ reactors, wind tunnels, and 
radio telescopes. Data are available for only one 
source of support for R&D plant— the Federal 

. Government. Funds frpSi this source, however,^ 
are believed to Represent a%rge partpf the total 
investment in this area* although the relative 
size of 'theFederal role may vag^among different 

'sectors. 

* * * A 

Federal expenditures for R£D plant are 

shown in Ijgure 2-12. The rapid growth of 

expenditures during die early 1960's was due 

almost entirely to die expansion of intramural 

~ facilities of the National Aeronautics and Space 

Administration. {NASA); the decline in later 

— years-reflects, largely, the completion of these 

fadHties-Theup-tiurnmexpenditijresafteri972" 

a was^produced by increased spending on the part 

f# ^of die Energy Research and Development 

' ^Adinujistration JtERDA, formerly the Afomic 

Energy Commission), .NASA, and the Depart- 

^ ^p€htx>f H&BtTi, Education and Welfare; funds , 

- froip these agencies were directed in the main to 

. industry and Federal intramural facilities. 

.In recent years^pve^ three-fourths of the 
federal' support- for R&D plant has been 
allocated to two sect^rSr-Federal intramural 
laboratories arid industry (Figure 2-13). The 
} Intramtiral laboratories received 42 percent of , 
^ ' the funds in 1975 A 'industry 36 percent, Federally 
pundpd Research and Development Centers 
(FFRDC's) administered by universities 16 




percent, universities and colleges 4 percent, and 
other nonprofit institutions 2 percent * 

Federal support for R&DpJant&alsosf[owri in 
Figure 2-14, which presents the relationships 
between Federal funds for R&D plant by 
selected performer as a percent of Federal 

' obligations for R&D and R&D plant for that 
performing sector. The early rise and later 
decline in this ratio for the Federal intramural 
laboratories was due mainly to a like pattern of 
change in'NASA funds for R&D plant The ratio 
for university FFRDC's fluctuated front year to 
year, with the figure for^t975 standing at 12 
percent. In universities and colleges, on the 
other hand, the ratio decreased steadily from a 
* peak in 1966 and 1967 of 11 percent, toa Io^r of 1 

% percent in 1974 and 1975. * \ ^ 

SCIENTIFIC AND TECHNICAL 
^INFORMATION 

One of the most critical components of 
research and development act)vities is" the 
gathering and dissemination of information. 
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Efficient # communication procedures and 
systems, may not r orily prevent duplication of 
effort/ but may also speed up the timefbetwe^ry 
R&D and its application*** * 

In virtually all areas of R&D, substantial 
resources are devoted to a wide variety *of 
information "handling ;' efforts. However, the 
exact amountspent by all sectors of.the economy 



* • * * 
u for information on Federal program* aimed at dis> 
semina ting and transferring scientific and technical knowl- 
edge to potential user/ in the private and public sector^see 
Ftdcr*Jteck»ck& TrMsftr Dirptvry U pTtyraxu. Rtsturas, Ccnlstl 
Foods, Federal Council for Science and Technology/Commit- 
tee on Domestic Technology Transfer, 1925. 



■ /' - o \ * * * ; 

• OhthwfeacHviKesisnotfop^ 

* w *been made which Indicate that total national 
/resources committed to S&TI actfwiies reached 

* * $9-4 billion in 1925X * ' m 

*f '' ' * * 

Some information is available x>n funds 
. provided by jflSe Federal Govefnment. Its spad- 
ing, measured in constant dollars,p^kedduring- 
196B but dropped 26 4 percent below th^t level in 
- v \ - =* 

is Sttiiiticul yJkrisn 4 ScuMtific *mf Technic*} Omm**k*liou, 
(Rockvtfle, M<L* King ReSearcHTnc, Center for 
QuantiiKIve&iencen 1976) 4 p. 13. % 



1976,{Bgure 2-15). Another indefc, the ratio of 
total scientific arid technical information iS&lTft 
Obligations iol^edefsd R&D, was .020 in 1976+ 
4own ^considerably^ from the ,025^026 level 
maintained throughout the 'early 1979%. 

About two-thirds, of alt Federal «supp<rti for 
S&TI activities in 1976 wis provided by DOD, 
HEW; and the Department of Commerce (figure 
2-16). Obligations by theiattef were the Iarges t, 
fo* an estimated total of ,$108 million— a large 
portion ofwhich^oes to suppori programs such 



Ms* ;; , ^ 

g-J * —l. «*W-|* n -, f.,r a of JSC n mwI 

twrai oo«iapoit$K»rtcwnuiic to 
tBCWfeji-irfpnMlion activities ;cuy yjta d 
w* tot* F*fcraJ RID obfigafoBS, 1960,78 
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4s the National Technical Information Service. 
r Next, ia size with $96 milliton was DOD which 
supplies # information through the Defense > 
DoaxmentationjCenter,fbUov^edby HE\J/ which 
supports a variety of programs, a major one 
being -the National library of Medicine. \ 

;The S&TI activities supported Jay Federal 
ag^flcies cover many different areas* but can4>e 
generally classified into ^. four different 
categories, (l) publication and distribution, (2),, 
documentation, reference, and ijifbrmation 

* services^ {3}~symposia:^d^audi6vfeuaI media;- 
a$d (4) R&D in information sciences, documerc- 
tation and information systems, techniques and * 
devices. Obligations -for documentalloiv^ 
reference knd information services accounted ' 
for the largest amount ia 1976 for an estimated 

/total of ^92.mfl£on (Rguce %^f). £u$icatkm 

(and distribution "costs werejnext Ayith $13S 

\nilttomTogether/ftese tw^ 
of er three-fburtKs of the total Obligation^ for 
symposia and audiovisual media totaled '$26* 
mfljion^vliile^ie remaining category Kad $75 

^ miflfbn* ' ^ / — 

The often reported "information ^cploslon" is 

* commonly thought of as aprodutf oHncreased 
scientific 3trid technical activity in the;Naflofl. 
Attejnpts ' to "quantify " the magnitude, o£ this 
expansion and ^to %$se$s* its statiis^ include : 
evaluations of the .number of ^pentific and 

* technical articles publish^during cprtaifi time 

* 'periods. The rate^at which, authors have - 

published articles in U.S;--srientific arfd technical ^ 
journals Jhas' risen dramatically: since *J9&tf" 
(figure, 2-18). Between lSfta- iuid J&?5 the' 
number oF articles app^rip£in*sudfi journals.^ 
increased by 154 percent t orat an .average anftual - 
rate of 6.4 percent* These jestimates must be i 
viewed with <^utionf Because^ of difficulties-- 
involved in defining those publications Which are 
considered scientific and:technicat and Wause 
sources for 'sych irformatibri often .include 
journals" which areAo longer in publication* 
Nevertheless, i^is possible to view these general 
trends in jofrrrtaT literature* p'roductiqn as a , 
possible indicator of sde^ce, activity. -* / . , 
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Resources Fo^Basic Research 



INDICATOR HIGHLIGHTS 



National spending, in current dollars, for 
basic research climbed substantially since 
and rose to a new high in 1976; in 
constant dollars however, estimated expen- 
ditures Jn 1976 advanced approximately 2 
percent ajbove the 1975 levels but remained 
nearly 11 percent below the peak year of 
1968. ? 

Among performers of basic research, more 
than half of the Nations expenditures were 
accounted for by universities and colleges in 
I976 / compared to a 37 percent share by this 
j sector in 1960. Industry held an estimated 16 
" percent (half of j*s»1960 share) la 1976, the 
Federal Government also held 16 percent in 
1976. 

The source of most suppdrt -for basic 
research K was the federal Government in 
1976, as it has "teen in past years. The 
Federal share has amounted to6B percent of 
the total since 1971, compared with ap- 

4 jitoxima telyjSO percent in I960; the skfre of 
support provided by industry has remained 

^StaWe .at approximately ^IS^percent 
throughout the 197Cs, in sharpj:ontrast to 
the 28 percent share this sector provided in 
1960. 

In constant" dollars, e&imated Federal and 
industrial support for basic research in 1976 
was 15 percent below the peak levels which* 
each had reaphed in 1968 Real dpliar_ 
* support by each of thesfe sectors his 
remained at about the same level between 
tl976., — 
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*es— HEW, NSF, ERDA, DbD, . 
5A and USDA— oblig4ted pver 90 pep . 
cent of Federal basic research funds in 1976 
Current dollar obligations, by these six 
agencies have increased 32 percent in tha 
period 1967-76. * • * x ;~ 

Federal obligations for basic reseaifth in the 
fife .sciences, environmental sciences, 
_ -engineering, and social sciences, reached 
their -highest current dollar levels in 197.6. 
Howeyer* constant dollar obligations in, all 
fields" were lotver than in previous years- . 



Ifi current dollars, 1976 basic research 
expenditures by universities and colleges 
ii&anced an estimated 21 percent above the 
leyfel reached Si 1974, Constant dollar 
expenditures grew 5 percent during this 
period. However, even with* this 5 percent ' 
growth, expenditures in the latter year were 
roughly equal to the level r&ched in 1969. 

Inconstant dollars; Inderal spending for' 
academic basic research peaked in 1968/ but 
real dollar expenditures for 1976 remained 
an estimated 10 percent belov* that peak 
year. Federal sojirces provide**hY largest- 
share of expenditures^ for basic research in 
universities and coU^^.Between 1970 and"' 
1976 this'' share has accounted -for ap- 
proximately 7<fpercent*>£the total/ [ 

Ne^rfy all Federal obligations for academic 
basic researchin 1976 were provided byonly 
- six agencies HEW,' NSF, DOD, *£RDA, 
NASAarid USDA- & most cases, NSFand 
one other agency Crowded over three- 
foj^ihs.of the support in i jgfven field, of 
science ana* engineering. 

Federal intramural laboratories we*e , 
responsible for art estimated 15 percent of 
total* national expenditures ; for basiCr 
research in 1974 and 22 percent { of* afl 
federally- supported basic research for that^ 
year.. Constant dollar fundSng^rt 1976 iof 
r basic research in jhese laboratories rose 
some 2 percent above 1975 leyels, but was 
sHtttelow the 1$69 peak y^an * > 

Industrial performers^were responsible for- 
^n ^Hmated 16 percent of the Nation's total 

basic research expenditures in 1976. In 

current dollars, these expenditures reached 
> a new high in 1976. However, constant 

dollar expenditures #er£ comparable |o 
' v those ^972. . \ _ . t ~ J£ 

v fte unlver^ty sector was the largest 
prtKfucefr % of research reports in 1975 for 11 
Selected fields. This sector a^count^d for an 
r average 73 j&tcznt of the artides^Govern^ 
* ment and industry §ach accounted for 11 
percent, whjfe nonp^ofit institutions^ had A - 
percent * ^ 



It is through basic research that man strives 
for new knowledge of himself and nature. Bask 
research programs arenot driven byjpracticsl 
need or potential ^plkatioiu lather,, they-are 
fueled fay the cfesire to advance the existing state 
-of scientific understanding itself. Its prac- 
titioners range from teams of sdentistsworfang 
in large facilities, to incfryiduais with little or no 
research equipment. IJasic research is also 
international in nature, joining the activities of 

^though curiosity is often cited as the prime 
motWje of the individual scientist for perform- 
ing research, it often happens that the inforxna- 
tion^aerived from basic research programs leads 
to practical applications of substantial value to 
- the Nation* These benefits are extremely 
difficult to quantify. However, it has been 
estimated that advances m knowledge are the 
- largest single source of ^ng-term growth of 
. total economic output.* According to this 
author, new knowledge has accounted for one- 
third os^nore of the total growth in output in the 
^UratedStates since WoridWarlL^Induded in Hs 
-oefinitfcHK)fiiKW 
defined as technical knowledge conce r ning the 
physical propertieswpf things andfiow to make, 
combine or use them in a physical sense. In 
^ addition,' the definition include/ managerial 
knowledge or knowledge of business organisa- 
tions and of management techniques. Knowl- 
edge originating both in the" United States and 
# w abroad, and knowledge obtained through targe- 
& scale organized research, 'mdividual research 
workers and inventors, and by simpje observa- 
tion and experience, as well as any other 
techniques, are included. 



Even with such estimates of die contribution 
to growth made by new knowledge in general, 
there is no method for relating die cost of basic 
n^earch in particular with its total returns — 
intellectual, social and economic However, the 



^ 1 For further discussion of ml trw tional a* ports of science. 
"* sec the rfupter entitled, InternatiOfCi] Indicators of Soerce 

- and Technology" m this report. 
« . * Edward J, Dtn&oo,_Auf*mt*$ \m Uzfioi 5***n L^me^ 
Grt&h 19,29 19W (Waihineton, PC Brookings Tns&u 
V 660, 19tf0, pp. 79,112,' 

* ^The growth accounting methods ipsed* to make this 
es tuna te involved the ose of time series da ta inwhx.h factors 
of input were related to factors of output for spevJx. t*me 
periods. The contribution of a number of idenfefpbk 

, determinants of output per unit of input were also measured 
The output remaining when other factors were accounted 

• for composed a residual which was considered to be 
. -'accounted lor by advances in taowiedge- r 



many and varied usa^f basic research suggest 
thaf the benefits arSSb^tantiaC particularly in 
comparison with the relatively smaU investment 
\ involved 

Estimates of the costs of performing basic 
researcb,_however, are sc>6iewhat easier to 
obtain, and it is dear that the level of basic 
research activity in the Nation (and perhaps the 
potential contributions to society made by such 
activities) is a function of the fiscal resources - 
devoted to the effort. Therefore, indicators of 
the States^ basic research presented in this 
chapter consist largely of the financial resources 
committed by various sectors to basic research-* 
Such "input" indicators provide information on 
National expenditures for basic research, the 
extent of research performed in universities and 
0 other sectors^ and trends 1n expenditures for 
bask research in the various fields of scfrnqe./ 
One "output" indicator is also present eaPan 
analysis of publication rates of scientific research 
articles produced by different sectors in major 
fields of science. * . 

This .chapter's indicators are deficient in a 
number of major aspects. They do not entom- 
• pass substantive aspects of bask research, such 
as advances in knowledge achieved in the various 
scientific disciplines* The indicators, further- 
more, do noM dentify th e ivide applications made 
of the results of this research- 'Nor. do thqt 
represent the economic and social returns from 
the varied uses made of its cumulative findings. 
The present indicators, in addition, do siqft 
include measure^ of the effectiveness, * or 

* productivity, of the research activity* s ^ 

*£^sides .these deficiencies, there are other 
. \ limitations in regard to the data used for the 
present indicators. There is," for 
uncertainty regarding the jgrecision with 
"bas\<? research can be distinguish 
''applied''* research. A particular resea r 
may be^dentified as basic or applied, jjflPIciing 
oiT whether the. classification is made tjy the 
^ sponsor of*he research orby the organization or 

* individual' performing it Furthermore, 
differences among sectors in the assignment o 
costs to basic research make it difficult Jo 
compare expenditures and the, magnitude of 
research efforts among, the sectors. Industrial 
firms, fof example, include in their reported 
expenditures for bask research ari annual 
depredation cost pf the. facilities used in the 
research; universities and Federal laboratories 
do not The ^construction costs of large, t 
Ckjvernment-financed research facilities such as* 



the Fermi National Accelerator Laboratory are 
not induded as bask research expenditures. 
However, each sector's trends are consistently 
defined over time* J 

^ naUonal resources , • 
~ ; for basic research 

Total national expenditures for $asic research 
have-risen steadily 1>etweetr 1960 and 1976. In 
current dollar^spending grew from $1^2 billion 
to an estimate of almost $4.8,bilIion during that 
period {Figure 3-1). However, forces of inflation 
have, cut sharply into this increase. In, real 
'dollars, basic research expenditures for 1976 
rose only 2 percent over 1975, to $3J5 billion — 
roughly ^qiial to those of 1965 and 11 percent 
below &e peak -yei|r of 1968. . 1 y 

~ About 12 percent of the Nation's torf R&D 
^expenditures ftC1976 were for basic research. 
This percentage has remained*about the same 
since 1965.* 



Expenditures by P erform er 

Private industry, Federal laboratories, univer- 
sities and college^ (and die Federally Funded 
Research and Development Centers they ad- 
minister), and other nonprofit institutions aire 
the major sectors which perform basic research. 
Because these sectors have differing missions 

"and purposes, two different definitions, of basic 
researdi have been used for obtaining the data 
reported here. For altbut the industry sector, the 
definition of basic researdi stresses that such 

.activity be directed toward increases ofknowl- 
edge in srience with the primary aim of the 
inocstigsdor Jt^Tffg *, - la fuller knowledge or 
uitderstandingof the subject under study, rather 

m than $ practical application thereof /' For the 
industrial sector, to take account of an individual 
company's commercial goals, basic research is 
Refined as . .original investigations fof the 

[ advancement of sdentific Joiowledge* • .which 
do not have spfcxfic commerdal objectives, 
'although they may be in fields of preset or 
potential interest to the reporting company" 

Universities and colleges are the primary 
jmeans By which the United States conducts its 
- basic research eff#t- These institutions account 




K * * Natwud P*tfrri± if R&D Rttnrm, National Sconce 
Foundation 7&10), p. 4- Sec also Appenda TaUe2-6. 



for the majority of expenditures ^r*such work 
In 1976, their estimated spending for basic 
research amounted to $2.6 billion, or 55 percent 
of the total {Figure 3-2), compared to a 37 
percent shale in 1960. The percentage of funds, 
spent by industry on bbsic research has also 
shifted a similar amount over the period I960* 
76, dropping from 32 percent to 16 percent 
. Proportions of basic research expenditures held 
by die other performing sectors have remained 
fairly constant since 1960. Jn 1976 die Federal 
Government spent 16 percent, FFRDC's ac- / 
counted for 7 percent, and other nonprofit 
organizations, j6 percent. « * /_ % 

Constant dollar expenditures .for .basic 
research in each performing sector were lower in 
1976 than in some -previous yeirrpr peak 
spending. However, spending by universities 
. and colleges showed the smallest relative loss, 
Expenditures in 1976 were 4 pen&nt below the 
peak year of 1972:- In all otfyer performing 
sectors, 1976 leVels were between.21 perceht. 
and ?9 percent, below eariiep^peak years* 



The only performer experiencing a constant 
dollar gain above expenditures for 1974 was the 
universities and colleges, rising over 5 percent by 

:': ' ' • 

Basic Research Support by Source of Funds 

r ^ Performers of basic research receive their 
support from fee Federal Government, in- 



dustry, uruversitiA and .nonprofit organiza- 
tions. Of these four sources. Federal sponsors 
have usually provided the largest shari (see' 
Appendix Table 3-3)* Since the wl&-196<fs, this 
share has amounted to between 68 percent-and* 
, 70 percent of the total. Industry has.provided 
about IS percent throughout die 1970% while 
universities and colleges and other 1 nonprofit 
organizations provided approximately*!! per- 
cent and 6 percent respectively, since I960. In 



real dollars, the only sponsors which provided ^ 
peat level of support in 1976 were fhe nonprofit 
organizations [figure 3-3). In all other sectors/ 
funding in 1976 remained below an earlierpealu. 
Federal and industrial constant dollar support 
were 15 percent below the peak levels which 
each had reached in 1968. 

Between 1974 and 1976/f^doDarsupportBy 
federal and industrial sources remainedat about 
the same level Funding 'by universities and 



cpfleges 5 rose by 6 percentin the period 1974-76,, 
while the support by nonprofit organizations 
advanced 9 percent 

- * 

Federal Support of Basic Research , . 

. Si^ce World War U, when the critical impor- 
tance of basic research in advancing the health 

* Includes fundi fromState and kxal governments, as *veH 
as from the uraversibes and colleges themselves. 



and welfare of the Nation was first recognized^ 
^ the Federal Government has assumed a major 
resportsibility for its support. 

The basic research effort has laid the foun- 
dations on vmkh advances in the country's 
defense, economy, health, education, and its 
cultural and intellectual life are built Such 
. research is supported fay many Federal agencies 
4S a means of fulfilling their missions. HEW 
obligated more funds than any other agency for 
support of basic research in 1976. Two HEW 
• "^^tdmponents-^the National Institutes of Health 
(NIH) and th?. Alcohol, Drug Abuse and Mental 
.:B^th^dmmIstratkm 
. " for some 95 percent of aH HEW's estimated basic 
research obligations in that year. An indicator of 
w the importance wjuch HEW ^attaches to basic 
~ - research in areas Tela ting tofeealth sciences can 
be seen largely from obligations by' these two 
components. In 1976, the NIH obligated 90 
/percent x>f Its basic research funds for work in 
iire sciences. ADAMHA obligated 56 percent of 
its funds for life sciences ana 41 percent far 
psychology and social sciences.* in contrast, all 
,_- other components of HEW which reported 
obligations for bask research in 19^5 (Health 
Services Administration, the National Institute 
of Education, the Social Security Administra- 
tion, and the Offic^of the Secretary) supported a 
total of only 2 percent of the agency's basic 
research obligations, , 

One agency, thcrRa^onal Science Foundation, 
wa? created for me express purpose of suppor- 
ting ftierftific research and strengthening tfie 
Nation's capability in science. It is one of six 
agencies which devotes a significant amount of 
ats resources io support of basic research. 
Together, the following agencies (Table 3-4) 



accounted for over 90 percent of all Federal 
obligations 7 for basic research in Fiscal Year 
1976* * - . . " \ 

Basic research and total agency R&D- Each of 
these Federal agencies has a need to emphasize 
programs of basic research to a different degree 
Figure 3-3 shows the percentages of their total 
R&D programs which are reported as basic 
research. The ^ ratio of basic research to total 
Federal R&D obligations for aH agendes com- 
bined has remained between 10 percent and 12 
percent during those years for which 4atauai£ 
available. . - 

The largest ratio ^sijhdd by the NSF, as 
would be expected in view of its designated role 
in lie support of basic research. In 1976, NSF 
obligated 85 percent of its R&D funds for basic 
research compared to the high of 92 percent 
reached in earlier years. This represents an 
upturn from a low of 75 percent readied in 1974, 
which had resulted from the impact of the 
support of new and largely applied research 
programs such as Research Applied to National 
Needs, . x . J [ 

Proportionally, the USDA was tbe next 
largest supporter of basic research in 1976, 
obligating some 37 percent of its R&D funds for 
this purpose, followed by HEW with 26 percent 
ERDA with 10 percent, NASA, 7 percent, and 
- DOD, 3 percent. _ V T 

Overall, current dollar obligations for basic 
research by these six agendes have increased 32 
percent between 1967 and 1976, for an average 
annual rate of approximately 3 percent. During 




* hdcnl hash f# foutnk. Tkrelepmeni. *tU Oikn Scwsilfx 
Adir&t*. fiscal ttwr* 1975, 197 b+ni 1977. Vol XXV, Detailed 
Statistical Tables,. National Science Foundation (NSF 76- 

* Federal obligations for basic research may differ from 
federally provided expenditures * in (he same year for a 
number of reasons. A sector which performs research, fos 
example, may -report expenditures for research' projects 
which it regards as "basic research*', whereas the Federal 
agency providing the support may report the sarnrprojects 
as consisting of 'applied research* In addition, obligations^ 
made tn a gr/ext year may actually extend over several later * 
years In terms of the availability of the funds for expen- 
diture, Moreover, the withholding of obligated funds may 
have produced discrepancies between obligations and 
reported expendituter^ ^ 

* Mtral~F*mb fx Rottrch DestbpmexL a*l Qihtr Scxsttfx 
Artmi**, food Yem}97$. 197 bcU \977 m Vol XXV,Deia*Jed 
Statistical Tables, National Scfence Foundabon^fNSF 76- 
315},p,147/ - 
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die same period, their total R&D obligations 
grew 25 percent, at an average annual rate of 
about 2.4 percent. Between 1973 and i97b, 
, however, their basic research obligations grew 
15 percent while those of totalR&D increased 28 
percent 

Basic research obligations. Figure 3-6 shows * 
Basic research obligations in both current and 
constant dollars for each ^f the six major 
„. agencies as well as all other agende^coxAbined* * 
In 1976,, each-agency increased obligations in , 
current dollars for basic research programs- 
However, measured in constant dollars, enly 
HEW"and NSF reached new highs in 1976. 



E RIC . 



The relative support in 1976 given to basic 
research in the principal scientific disciplines by 
each agency lyere:* . r - . 

HEW. Life sciences received approximately 
85 percent of the basic research obligations. 
Support for physical sciences amounted to 5 
percent, while psychology and social 
. sciences received 4 percent and 3 percent 
jespectivdy. • 

NSF. The largest percentage of funds, some 

2& < jpexcei\l r wpnt for basic researrhirt-the- 

physical sciences, while over 26 percent was 
obligated for environmental sciences, life 
sciences accounted for almost 19 percent, 
* and engineering received 12 percent. 

ERDA* Ap p roxim ately 82 percent of basic 
research obligations were for work in 
physical sciences, while abqut 15 percent 
funded engineering studies. - 

* DOD. In defense agencies, engineering 
accounted /for .almost 30, percent of all 
obligations for basic rsearch. Environ- 
mental sdences received 24 percent,phy skal 
sciences /22 percent, and the fife sdences U 
^percent/ " ' 

NASA.*The physical sdences made up 61 
percent of die space agency's basic research 
obligations, while environmental sdences 
received 17 percent Basic research 
obligations for engiheering accounted for 
almost 16 percent/ . - * r 

DSDA. The majority of the Departmentof 
Agriculture's basic research 'obligations 
went for life sdences and physical sciences, 
receiving 71 percent and 13 percent, respec- 
tively. ' L < ; 

Substantial shifts have occurred in the propor- 
tion of total Federal basic research obligationsby 
the agendes between 1967 and .1976* The 
. „ percentage supplied by HEW has risen from 21 
percent to 28 percent while the NSF share,of jfce 

* Federal total jumped from 14 percent to atejpst 
23 percent during this period. Obligations by the 
Department of Defense fell frojn 16 percent to 
about 11 percent. This decline may be-due, in 
part, to the "Mansfield Amendment" which 
restricted DOD to the funding of basic research* 
only if related directly to its mission/ 



* from Ftlrrti /«- fostmk, Drrthpmatf, tmi Oihr 

Samsfh Aamiitt, hud Ytmn 1975* 1976 *mi 1977, Vol XXV, 
Detailed 3UtiM*d\T>W«, CKSF 76-315), p, 45, 
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In the case of NASA, recent changes were 
ade in i|ie classification of its programs by 
character of work. Most of the major NASA 
projects are now categorized entirely as develop- 
ment since th£y largely generate outer space 
hardware ^nd related technology. In former 
jfears substantial portions of these projects were 
classified as bask research or applied research! 
Data from those' years for which 
reclassifications were made show a decline in the 
agency's share of basic research obligations from 
H high of 21 percent in 1969 to 10 perceM in 
1976. 

^ The share of Federal basic research obligations 
7 held , by ERDA has] also declined somewhat, 



mac 



dropping from 17 percent in 1967 to 12 percent 
in 1976, wWe fhose by USDA ru^ remained 
fairly -constant, moving only ftom 6 percent to 
about 3 percent during this period 

Basic research obligations insdenHficJareas. 
The scientific areas in which* most federally 
supported basic research is conducted are. 
presented in Figure 3-7, The^five fields shown 
accounted for almost -95 percent of ajl Federal 
fcasic research obligations in 1976> 



,c See Appendix TaHe 3-6 for detailed data for other 
discipline* and Appendix Table 3-7 for 4 listing or the 
scientific dtfiip£me> encompassed in the^e fields. 



73 



73 





* In current dollars, estimated obligations for 
basic research in fife sciences, .environmental. ± 
^v^/Sciences, engineering and, scSaal sciences readied 
their highest levels in 1976, Hbjvever^constant 
• dollar figures stiow tKat in all: areas* basip 
0 . research obligations were lower in 1976 than in . 
some pf^vlou^ year. The field of psychology 
v showed the greatest real dolta* decline of all, 
\ falling by SO plrceJ3t.belwe9i.1967 and 1976, 



Constant dollar obligations for basicresearch in f 
mathematical and computer , sciences also fell^ 
sharply, 3rogpingl>y ^4,perceijt during (he same * 



% ~ *-» 4"- * * ** 

Tfie distribution of b^cYeseafeh obligations 
among* these fields lias net cRangedtonsiderably ^ 
since 1967. The greatest change occurfrasl in the 
physical sciences yfyeii the share of ^ital 

V, 
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pbBgatio/is/tfrppped from 35 percent \xy 1967 to 
28 percent In 1976* Shares held by life sciences 
, and* environmental: sciences Increased "by -4 
pfecent^and 3 percent .respectively diirin^this 
^period, while those for the^othor fields were 
within approximately 1 percentage point of the 
'fractioivtheylieldm Waz.^ * „ " 



BA^ICRESEAROTIN 
UNWKajIES AND COLLEGES 



»^ The, principal performers <rf basic research u% 
-the United States are'uhr^seHies ^hd colleges. 

* Ttey accounted for 55 percept of such work in " 
1976, spending an Estimated total of $2.cj billion 

* (figure 3-2). This is in sharp contrast* to J953* 
^hert*ufiiv&sities and colleges accounted for 
only 26 jjercent of fesic research expenditures, 
industry held 35; percent, and the Federal 
intramural effort account©! for 24 percent, 11 " 

* WithlnoreaS^Fedeidsupport-of basicreseafch, 

* tfiefi^ctioix^ftfie total agoing to universities and 
college^ grew; more rapidly than 'that for 

_ industrial and Federal intramural sectors. In 
1976/ funds for industrial.^ and Federal iit- 
tramural sectors had declined to 16 percent each. 
lEbere^wa^ little change in the share of basic 
research ^expenditures held* by the nonprofit 
J5^ganizatidns arid the university 
^ eleh accotmting for sdmer6 gercetTt tor ^ 
" of basir; research expenditures 'since/ 

* l£6oV (Appendix Table 3-2£ 

The important roll universities Ind colleges 
play injheperfownanceofbasic r^search\is also 
reflected by th§ number x>f articles which their 

; scientists and engineers contribute ta the^ 
literature. Jn ^74, U.S. authors.fr/om tjiisiector 
produced almost three-fourths of all^artides 
'appearmg3n.IJ-S. scientific and technical jauc- 

*-nals^'(AOTeridbj Table 3-22), and two-thirds of * " 
another Larger^sample of all U.Sf authors' world 

^public^ons. 3 ^ - z*' v -> . " _ 

Basic research in universities and^xofleges r 
rfngfcs frojrn *he efforts of individual scientists 
~£ftd engineers' to those of large .research teams 
which often^are Orga'n&ed around the use of ^ 
. unique equipment ajtd facilities. Mo£t of the 9 
. research tales plate* in universities vvhicji hav^ 
graduate-level programs -foffejring 'doctorate 



degrees, these institutions reported 9& percent* 
of all academic basic research expenditures in 
1975,1* ^ , - 

In current dollars, estimated total; basic 
research % expenditures by yniversfties **and 
colleges reached the highest point ever in 1976, 
approximately 21 percent above "the level 
reached in 1974.** In addition^ constant dollar 
expenditures have also grqwrrin both 1975 and 
^1976, reaching $1.9 Billion in thS latter yean 
This represents a :grdWth of 5 percent over 
expenditures in 1974, However, the constant 
dollar levelreached in I976wasTOUgHy*quatto- 
spending levels of 1969. The recent increases in 
expenditures for academic basic research vre^e 
due Ia*£fely to increased funding by the Federal 
Government. Expenditures in constant dollars* 
from tfu%source rose by 4percent betweenl974 
and 1976, |hys accounting for most of the 5 
percen ttotal expenditure*increase in that period. 




Sources of Funds for, Academic Basic Research 

. • . • v - . 

The Federal Government provides the largest 
amount of support f of basic research touniver- 
sitieS* and colleges (figure .3-8), In current 
dollars, Federal expenditures hav\risen steadily 
in the period I960 to 1976* When measured in 
constant dollars-, spending for academic basic 
esearch by the Federal Government peaked in 
J, then fell substantially, dropping steadily 
ugh 1974, In 197& real, expenditures rose 
fjjjy, then climbed again in 1976; however, 
estimated 1976 level remained 10 percent 
beltfw that of dfe£L968 peak year. * % 

The Federal share of expenditurefcfor basic 
«. research in universities has declined 3|ne what 
_ from the 75 to 77 percen t portion held during the 
, nnd to* fate l^O's. Between^^O and 1976, 
Federal expenditures have accounted for ap-^ 
proximately.70 percent to 72percentof the total 
The share of .expenditures by "all other 



. 1 



" Calculated from tfqmat Ptiitpp of jterD gac*nn t j 95 J 
}97* f National Science Foundation (NSF 7p-M0),pp. 
' « Computer Horizon s,-Inip„ unpu Wis nVd- data* 



' * txpcndtlmrt* for Scimlifx find EnpnrrriMi Activity* fit Unhxt . 
mafiniOiltz^fFYWS. Detailed Statistical TabJw.Natkonjf 
Science Fou^lation (NSF calculated ^from da ta-<m 

• 9 -these expeAdi ture^da ta are for basic research whicl* has 
been sponsored by other agenciesand orgarftzatlons, aswell 
is bask research suj>porfed by an inst'OiAJor/s own funds 
Vhich It allocates to separately organized institutes, 

J*diyisions / or specific basic research projects* They do not 
include the expenSif dres for research-leaching assignments" 
of the facufty ^(departmental research). SJExpenditures 
associated with TTRQCs administered by universities are 

Z treated later in this chapter* ^ A" 




sources*^ had. risen to 27 percent in 197$, fip 
^fttfmihe^Operceiit share heltfin 1965. Less than 
- 3 percent of the basic research expenditures di 
f colleges >and .universities were provided by 
industryln 1976. . 



^^uch sources -include universities: and colleges 
* tjiemselve*, State and local governments, and other jnon* 
^ profit organizations, * 



Support by Federal Agencies., * f 

^ The -six Federal agencies* mentioned .earlier > 
•accounted for 97 j>ercAit*o£ taiaC FeSeral 
obligations to universities anJcolteges for basic 
research in 1£76. .The #Sf and HEW%gether" 
pfdvided almost 74 peffi»nt /of " 4 all such Si 
obligations: V - . ♦ % 

individual Federal agencies differ 'greatly&fc 
the^TOportlon^ilrar^talobligafiOn^ . 
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research which they direct4o universities and 
cdHege^ (Table 3-9).' Of the six agencies referred 
to earKlr, NSF ajiclHEW allotted the largest 
fraction of their total basic research obligations 
* to-educational institutions Jn 19^6 (77 and 66 
^>ercent respectively), followed by DQD with 42 
. .percent OSDA witff^^cent, ERDA *jrith 23 
^^cent>ah2tNASA,22 percent ■ 
~ * . * * *t 

Rgtire^lO illustfkfes the ^p^rtprovided to 
these fields of science and engineering by thesix 
agenaes* which obligate the majority hf basic 
? research funds to universities and colleges. It % 
also shows that in most cases/f a given field of * 
science and engineering/ NS£ and qne otljef * 
ageiKy provided thebtdk ofsupport in 19761 fo^ 
example, inoreihan SOperceiji t of the obligations c 
for work i# engineering Tvere provided b^J^SF^ 



and DQD in 19/6, and some 90 percent a£ 
pbligations for basic research in the life sciences 
were accounted for b& N£F and HEYY. 'In 
Chemistry, almost SO percent was provided by 
( .NSF and HEW, while NSF and DOD obligated 
nearly 90 p£ccent of funds, for environmental, 
science Basic research in 1976. Obligations, for 
physics were" provided primarily jBy 'NSF and 
ERDA, accounting for some percent of all 
basicjreseatch funds in that Held. The N§F and 
DOD- obligated 90 percent of" basic research 
funds for mathematics, while NSjF, HEW, and 
USI>A were primarily responsible for nearly all 
^support .givefw £or^ basic research, in ^ social 
x ^*denries. , - * . v " rV - V- r 

. /** - - ■ . * ... * * 

* In any,of the fields mentioned above, support 

* to universities and colleges by NSF in 1976 was 
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substantial. Over all fields, this agency provided 
& percent of basic research obligations to 
_ universities and colleges. £6r individual fields of 
science aijd engineering* in 1976, .their support 

. ranged from 17 percent^in life sciences to 70 
percent? in environmental sciences. Jor six of the 
seven fields illustrated in Figure 3-10, NSF 
obligations amounted to about half or more of all 
basic research obligations tocqlleges and univer- 
sides* /J"hese statistics underscore. fh£ impor- 
, tance of ihe folecvf NSjNn the support of basic 

; % research at US/universities and cpll^ges. 



Institutional Concentration of Basic Research 

* Basic research. Institutions .'which award 
_ advanced .degrees m science ancf engineering 

conduct most of the Nation's basic research 
-programs. In 1975, themwe^e 2S9 universities 
granting doctorate degrees in the sciences and 
engineering. TKese institutions accounted for 98 
percent of academic basic research expenditures 
in 1975. Approximately 37 percent of the total # 
expenditures for academic basic research- are 
«nceftfrated in 100 such institutions;** Only/ 
V flight changes have occurred in this pattern of 
instatutionaJ^concejUration during the* 1964-75 

* period shqwn in*Table*3rll below. However, 
. there w^ije some shifts in the positions of specific 

institutions, only 96 institutions were among 
the first 100 in basic research expenditures 
; throughout all 4 years *efc the 1922-75 perk^y 



'* Ejpexdfycrry fa Sucdiju. and %wmi^ Anr*no ai Untctr 
sto*3&£Aps*FY J 975, Detailed Statis:***! T*ble>, ,.NSF 7t> 
. $lo},$n$ed on pages 3 and 5, and Lipminmra fa *um*U *** 

(N5F 77-307), p, 25. * * 

v Natioful ^ence^twrtdation, unpublished data. 
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'Total academic R&D* 1 * Amon£ the seven 
scientific areas Represented in Jigure 3- 12, soijie , 
sl^ow concentration of expenditures tq,a greater 
degree tljan others. There were 41 universities 
and colleges which ranked among theiirst 10 in 
at least one of the seven major fields. Of these, 
only 13 ranked among the first 10 in more than 
on^ field, and only one appeared among the firs t 
10 fh moxte'than four fieldsl 

The greatest concentration in '1975 was" in * 
mathematics and computer sciences 'where 67 

r _ „ percent of alt R&D expenditures by universities 
and colleges were reported lty 2Q institutions, 87 
percent were accounted for by 50 institutions,^ 
and 97 percent by 100 institutions. The least, 

- concentration occurred in the life sciences, y 
where the first 20 schools accounted for only 38 
percent of basic research spending, the first 50„ 
65 percent, and 'the first 100, Z9 r percent 

, Three fields (fife^saenc^s, engineering, and* 
the physical .sciences} accounted for over 70 
/percent of th£K&D expenditures by.universi ties 
aridjrolleges in 1975-> * *' " - - 

„ Relative growth of^bask research and . - 
of scientists and engineer^ . ; - 

The number of full-time^eqiSvalent (FTE) 
scientists and engineers at the major research- 
performing unj^rsi ties and colleges has risen 
-faster than rcreer separately-budgeted basic 
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xi Data on* basic research expenditures,, alone are not 
availably fat separat^ffelds* of sdence and jnojhndutl 
institutions* An approximation J* availaBk, howevef . in the 
for m of total R&D expenditures by these institutions In 
scientific fields, nearly three-fourlhs of whin b repotted as 
, basic research. 
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research expenditures {Figure 3- 13) Data from a > 
matched^ group df the first 100 institutions 
ranked eapi year on basic research expenditures 
show, that while expenditures Jell 2.6 percent ^ 
frgm 19p3 to 1975, the number:of ETEsdentfcts * 
rose 3.1 percent These institutions accojinted v 
for 86-B7 .percent of all basic research expend 
Jltures repeated m by higher education in- 
stitutions in ihese'three years. ^ % 

Bajpc research funding from nonfederal 
sources droppecf only 2.1 percent in real dollars, 
while-federafly supported expenditures fell 2.9. 
percent from 1973 to 1975. Hie impact of this 
latter change is great because only 70 percent of 
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• the total baHc research- "expend! tdretf In these 
institutions was received from the Federal 
Government f- • 

^ BASIC JRESEARCil £XEET^3ijRE5 

* IN FEDERALLY FUNDED RESEARCH 
. ; K ~^A?{D DEVELOPMENT i 
. f * * % ADMIN£3^^ 

Federaily%undetfl i?^ardt andcDeVelopment^ 
' .Center (FFKDCs) are. prganiz^c^ fii^caa 
exclus ivdy.-or primarily by the Federal Govern- 
r ment' to perform R&D in relatively 'specific 
areas, or in some instances to provide facilities at 
universities for research and associated training 
purraes. The Centers usually.Kave i direct and 
long-term Relationship wftjj their funding 
agency, making it poss^le for them to maintain 

'* * 




S\. m -~ ■* ■* ' 

-<jv ■ _ _ » -- - * * *- - - 
~ * c " •* * - " * * ' ^ 

instromestafion, facilities, 'and operational 
support ^beyond' the capabilities of single, 
educational or\researi^i institutions. faon- 
Federal organizations— academic Industrial, or 

nonprofit— administer die FFRDC's. 

- * -n- * i- : 

: Of the-Watioafc .tbjtal basic research ©cpen- 
ditures in 1975, EERdCs admiiusterfed by 
- # universes and colleges accounted for 7 percent 
*' of «lhe iotaL" These uruversity 7 affiliated 
FFRDCs received 35 pdroentof^ye Federal basic 
research obligations for all three categories of 
rw, DC%* 2 *Tfifcse Centers and their sponsoring 
rtdesl«^ 2X 

. menraf Defense 

- Applied Plwcs Laboratory - 
m% - " A jp^ed Research Laboratory • 
:„ * - Center for Naval Analyses ^ 

- >• _r -Energy Research andT^elcipment^v^ 
J : , Administration * c 

Ames Lal»ratory (Iowa State University) 
'Argdnne National Laboratory m 
- JJroofchaven National Labora tor y 
^ Yerpii National Accelerator Laboratory 

"= rCFenrjIIsb) . * v * • 

r " £ O. Lawm^e Berkeley iaBoratory 

- E O. Lawrence livermore t Laboratory , ^ 
Loa-AlainostSdentific Laboratory 

- ^ OaJc'Ridge sAs soda fed Universities 

Plasma PhysiCsTaboratory 7 
Stanford linear Accelerator Center * 
* 

National Aeronaul/cs andSpace 
Administration ~ -* * * ^ 4 • 

** 

Jet Propulsion Laboratory* * , 

% ' Spaee Radiation Expels Laboratory 

%~ * r ■ *^ 

National Science Foundation 

^Cerrp Toledo Ifrter-Ajnerican Observatory 
IttttP^Natioiai Observatory- ; : 

National Astronomy and Ionosphere Centfer 
, .National Centerfor Atmospheric Research 
\ ' ^N^tional Radio Astronomy Observatory 

. Olcuiiled from Appendix T*H? % 3-2. * 

* Ft&r*! had* fa Keutnk Dfz&pwi* sai Oiter SaaSltfe 
Adh&B* food Yt*h 1975* J 976 aU 1977, Volume XXV, 
, DeUfed Statistical Tabfc, National Science Fooiubtson 

^ See Appendix Table a-14 for a tet of the FFRDCs 
admtnfc {md by industrial firms and other nonprofit in- 
stitubons, * * * ■ 
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Current dollar expenditures lor basic research 
by university-managed FFRDCs reached their 
highest point in 1975 (Figure 3-14). Hdwever, in 
constant dollars basic research expendi tures by 

. these institutions were almost 28 percepfwfow^ 
the peak year reached irtl968. Al th ougfi data are 
Vjot available on expenditures for specific 

✓Scientific ficfids, a revie^Uof the above list of 
Centers and the Fed^raifigejades intf&Ived shows 
that the basic rese^h they conduct is primarily 
in the physical spences and engineering. ' , 

The propo^don of all R&D cpcjjendkur^ in 
these academic FISjDCs ^ /reported fos basic 
research was 3J percent in ^1975/dowi^gh^ 
.from 35 percent iqJhe prewous.year {Appendix 
Table 3-13h ^ ; , 

Sooifrof the EERIJCy are permitted to receive 
su^ort from sources other than the Federal 
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Government However, such hinds have 
amounted to less than T percent of their total 
funding in 1975 and previous years' 

s basic Research in 

INTRAMURAL FEDERAL LABORATORIES 

* — ~ * - .- 

Several agendes of the Federal Government 

* operate their own R&D labora tories ^sa part * 
their effort, to~ meet die research needs 
assodgte^iwfth their agency mission and pro- 
gram objectives. Examples of such laboratories 

- are the C^oddard Spaceflight Cenfer of NASA, 
~ the intramural laboratories of the National 
Cancer Institute and certain -research. 

_ ^laboratories of the USDA- 

.-■-->-_« 

Such intramural laboratories wejre responsible 
for 15 percent of^fn^ total bade research ' 
expenditure in 1976 «ul 22 percent of all 
federally supported basic research for that year. 
Six agendes accounted for approximately 89 
percent ofahe Federal funding for intramural 

* activities CA^fendixTable 5-15}- 

In 1976^c*tfrent dollar ,fundifig for basic 
research in Federal intramural laboratories 
reached S692 million^ for a rise bf more than 7 
. percent above the 1975 level ffigure 3-15)- , 
Constant dollar totals also- gained over J975, 
v rising by nearly 2 percent. However, in those 
W agencies for which date are available for each 
year since 1960, constant doHar obligatigns for 
* 1976* were -below a previous* peak year. JTKq 
r ," greatest 'decline from a peak year appeared for 
Hie Department -of Commerce where the 1$76 
. level stood,69 percent b^ow lhatfor 1970- Most 
of this change occurred between-1972 and 1973, 
and was primarily due to a reappraisal on the 
partof NOAA of the coiJc^ptsused to determine 
" * percentages of their wq3t which were con- 
sidered basic ag<Fa£pIied research; their, basic' 
~ * research obligations have remained stable since 

* 1973- In DQD, constant dollar obligations for 
V intramural basic research in 1976 were 12 

percent below the 1974 level, and 31 percent 
down *from tfte peak readied in 1972. 

* Obligations by HEW have grtnvn iit both 1975, 
and 19761 In die latter year, theyxose by 32 

, percent above constant dollar obligations^ for 
•1974* However, they remained approximately 
. 21 percent under their €970 - peak For the 
. Department of the Interior, real dollar 
obligations in 1975. and 197£were nearly the^ 
same., The? stood approximately 44 percent 
above the level reached in 1974- 



B ASICRESEARCH ' 
" : • IN INDUSTRY^ 

^Industrial , firms often undertake their own 
ppfcgrams-of basic researchm orderto provide* 
technical basefor product improvement, prepare ' 
for expansion* or new business, or, provide £ 
defend against technological obsolescence* 
Such programs do not have specified commercial 
objectives, although they are usually within the 
general area of a company!^ interest. 

In 1976,16 percent of the Nation's total basic 
research expenditures were accounted for by 
industrial perfdrmers. Approximately 3 percent 
of the Nation's industrial R&D spending was for 
basic, research. 23 IrTcurrent dollars, industrial 
basic research expenditures readied a new high 
in 19^6, while constant dollar expenditures were 
comparable to those of 1972 (Figure 3-16? 

Federal support to industry for basK research, 
measured in real dollars, was at the 1972 level in 
1976 and had, been near that level since 1971. 
Industry's own support of its basic research Eks 
been almost level in constant dollars sidce 1972, 
but in 1976 was 23 percent below the pfceak year 
'of 1966. , * 

Approximately 22 percent of basic research 
expenditures in industry were from Federal 
sources in each year of the period 197l-?6. The 
* Federal share had been as highas 32 percent in 
1967. * _ 

Son^e industrial firms also administer Federal 
ly Funded Research and* Dev fclopment^Centers 
(see Appendix table 3- 14). Ir\ 1974, 31 percent of 
Federal funds fur basic research in industry, and 
7 percent of all spending in industry fox basic 
research were accounted for by such Centers'. 24 

Four industries accounted for 1 * 77 percent of 
Industrial basic Research expenditure^ *n 1974 
(Figure 3- 17). These industries, and the percent 
age accounted for r^N^ach of .them, were, 
chemicals arid allied products (39 percent^ 

' electrical eqiiipmeht and communication (27 
percent), aircraft and missiles (S. percent), and 

. machinery (4 percent). * ^ 



'- 3? A moff compcehensw &sa&sion of R&D.nr£hdu>tiy 
^*n Ik found in another chapter entitled, ;lndus-Jrul R&D 
add Innovation". * »" q 

auNitiM*7 ?stkrm*tf RbD _ Roamm. 1993-76, Nai*xul 
Soence Foundation CNSF 76-3 10), eakula led from pp. 21,23 

^*in^i*onfN5F?6-32Z).^^ # 



The bulk of industrial basic research is 
conducted in, the areas of engineering and 
physical sciences. In 19Z4, work in these fields 
Recounted for: 71 percent of all industrial basic 
ffe^arch (Ajopendix Table 3-1S). 

Constant dollar expenditures for industrial 
. basic research in engineering reached a new low 
in 1974, falling some 16 percent below the 1973 
level artd li percent below the previous few 
mark reached ir\ 1971'{Figure 3-18). In physics 
and astronomy, industrial basic researchexpert- 
* ditures in* 1974. were at nearly the, same level as 
those for 1973. However, they were 59 percent 
below the 1967 peak (when data first became 
available}. Chemistry saw an upturn of 9 percent 
in real dollars from 1973 to 1974. t Expenditures 
in the life sciences (biologjcal anddirucal medical 
sciences combined/, also measured in constant 
dollars, were roughly the same in 1973 and 1974, 
standing slightly below the peak year reached in 
If ^ 




BASIC RE5EAR 
NPROHTIN! 




Independent nonprofit institutions are organ- 
izations other than educational .institutions 
chartered- to serve the puHkMnterest, and 
include research instftat£s,j>rivatgindependent * 
hospitals, private foundations, science ex- 
""hibitois/ "prof es_sio*nai^sc©efre"5> ~trade " 
associations^ 'andjhe FFROC's administered' by 
such nonprofit institutions. The largest single 
category is the research institute. The others _ 
, generally perform other services in addition to 
research, such. a* patient care or charitable 
activities.* ** , - . 

Approximately 6 percent of the Nation s basic 
parch in 1976 was performed Joy thes^ 
iprofit institutions. Their shajte of bask 
earch has remained .at approximately this . 
level since ,the late 1960% 

An current dollars, estimated expenditures in" 
nonprofit ins ti tutiorts for basic research Were at 
their highest < in 1976. However, ♦jeal 'dollar 
expenditures have declined at an<average annual 
. rate of approximately 3 percent in the period 
1972 to 1976, falling, in thelatter'yeai;, to the 
' lowesflevel since 1961 (Figure 3-19). * ~ 

^Funds for bask research in these institutions 
are provided largely by" Federal sources. The 
Federal share was as high as 55 percent in 1$66, 
but fell to 45 percent in 1976. The only other 
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" time it reached this Ipvel was in ,1961, Industry * 
V provided 12, percent of expenditures in 197&, 
-j white other sources, pr^rided 43>perxeiit 

Pasicxe^archas a proportion of total research , 
\ and development expenditures by these in— 
I * *stitutions declined from 38pehrentt$23 percent 
* over the period 1963-76. 



m . * RESEARCH OUTPUTS 
ANI>APP|iCATIONS 

n Thus far^this chapter has attempted to 
present ^ partial pictureof the financial aspects 
of Jhe sjate of basic research^activities in the 

1 Nation by examinirigvarious elenients which are 
< utilized irir.the basic research^ enterprise, and 

^tudyinghow they are consumed by researchers 
and their sponsors. While such analyses are 
useful, ar moife complete picture might be 
poss&fe by studying the output of* the ba^c 
research enterprise' as s well The following 

* sfttflies,are among the initial effprts to assess the 
basic research effort in teuns of its outputs anji 
, applications* . r ~ ' "~ 



Scientific researcfvlitera hire r 

Infonpaticrn on the numb%*of research 
reports published by various se&ofe of the R&D , 
community in several fields of sdence^was 
obtained from a study conducted by the National 
Federation of Abstracting and Indexing Ser 
vices. 25 The^tudy involved'the selection of a set 
of US* stientific and engineering journals which 
were intended'to be representative^of thg total 
' li^xature in each field This wes accomplished 
largely through the guidance^ the Federation's 
member services afcd by advice from expprts^ 
active in the fields. On a sampling basfe,\ 
individual reports in the journals were examined 
tq determine the^ first authorVinititaHonal 
affiliation; academid government, industry, or * 
other, npnprofit organisation. The sample of 
rej&rts iyas restricted^ to those whose first . 
authors were affiliated with U£ institutions, 
from 73 tr>89 percent otartides by U,S. authors 
oreptxbllsfiedjn U.5. journals, depending on the 
field.? * • 
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> &Sa&a nurture Uikelttn t h*dy. 1915. (Philadelphia: 
'.National federation of Abstracting an4In4exing"Semcet # 
'1976, a study commissioned specifically lor this report) 
u Computer Horizons, Jncl, unpubtehrd <8|^ r 



The dataobtamedfirom the study were usfed to* 
develop .preliminary measu5>p of the relative 
growth ^sevecaLfield^ of scien.ee and engineer- 
ing in terms of their publication outpi& and^the 
roles of the Cerent sectors in' the overall 
research effort of feach field* ' ' \\ 

a £row^nre^dfoutputBet * 
1975 the number of ardclesin^dgrfificTesearch < 
publlcatioife has grown stjbsfanjjally m.\h&;%3 
fields of science represented in f5f$&e 3^0. 
Some fields have? grown muchmorerapTdTy t$m 
others. TfierWfeest relative growth s*ncM9«fe* " 
arrfohg th6se fields jEor whkh data are ^yailabfe/ 
^occurred ip the atmospheric sciences* snd. the , 
in ecdnpmfq^ 7 w ~ " - 

The fiefdsjisteriln Groups I to IV of Figure 3- 
20 ^re: presented in descending brder with 
respect ttf the magnitude of theirrelative growth 
in publications during the 1960-75 period. The ; 
fields included in Grouplgrewby more than 200 * 
percent diiring the period. thc»e in Group lrjxy** 
more thanlOO butfes tK^n200 percent thosetn 
Grpup Illiy more than t5 but less than 100 
-pertent, and those* in Grotrp Pf by lesithan 75 , 
percent; * ; J * - ^ 



> For all fields combined, the number bfcarticles ' 
rdative to I960 increased by 148 percent inl974 : s 
4nd an estimated 154 percent in 1975 (Appendix * 
Tabfe 3-21^-In six fields. o£ sdence # growth of ; 
articles relative to 1960 was higher in 1974 than . 
in,19?3 # while in seven fields growth relativefo 
h 1960 was lower in 1974 ^banrn 1973.^,Av^ilable w 
data for 1975 showed steady growthin only 3 of " 
11 fields. since 1973i five fields not changing ? 
substantially from th« 19?3 level and^ three, 
dropping below .the 1973 level The largest 
growth betweenl973.aij|[l925 occurred in th? 
atmospheric sciences %^iidv advanced 139 
percentage points above, the relative growth 
recorded in 1073, /or ^an Almost fourfold 
expansion of the publication level of I960. * . t 
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r Data for the fold* of psychology aodf sociology are 
availaHe only through 1974. Totals for these fields were not 
individually estimated for 1975, although total publications 
lor 1975»vere estimated from data for previous years. In 
figures 3-20 and 3-21, and in the following discussion of 
them, overall data for 1975 were used whenever *>ossiWe. 
However, it should be noted th|t discussions- of fields or- 
sectors that 4«cr1be largest or smallest growth are bas«J on 
onV 11 of 13 fields for 19751 ' * » * 

# **for information on the US. scientific literature irw 
international context fee the inapter of this report entitled, 
*Internatitfnal Indicators of Science and Technology* 
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, Research output by sectors. The research; 
articles produced j>y feach sector— university, 
government iridust0j ^nd.-xrther nonprofit 
qrganfeatipns— are shdwn in figure 3-2! for five 
selected fields (data, for ecaihof the 13 fields are 
presented in Appendix TaWe 3-22). 

** ~- m ^ * "* * 

blithe ,ll* fields* f§r jvhich 1975 data are 
availablg/the laig^^oducers of jgabjished 
I research reports* were universities. With an 
average 73 percent of tjbe' articles. Government - 
and Industry eacfi accounted for ft jpercfent in 
that year, >yhile nonprqfifc institutionsjhad 4 . 
percent. Th^role^of universities in the prodac- 
tion of such reports has growri since 196&Whgn 
they accounted for ^percenl, while the sharfe 
produced l?y governmental and industrial sec- , 
torshavfe both dedined from the!r^fcpectiye 16 1 
and 15 .percent sharef 6f I960. " ^ \ * 

* " In the two retaainingjieids (psychology and 

* sodologyX apademic sector has r also -ac- 
. counted for -most of ^tke Research articles. 

Between 197g and 1974 tfiis sector prodiiced an 
. ^average of 73- percent & ^sucK reports iir- 
f^ychplpgy and .an ^aterage^jok 87 percent* in 

- sociology: In, psychology, ^gcwernflienfcal and 
% ^ Industrial sectors* ayeiaged. 6 and 3 percent 
t respectively: orpjublicationsVin the 1970-^4 . 

period, whi^ in ^sociology these sectors .pr^ee , 
c^icedan average of 3 and l«pej;cent respectively 
^ ih the^ame periods 

* In the academic : sector, its share of articles 
^ increased the most between 1960 and %97$ in the . 
*\ fields- of jgeotogy, chemtefsy, ~ physics, and 
*ntothemlltic^§ntluding-coni|(ut^saencey^ 

\^ * Hiewll percent ^average, share^of* published, 
research reports accounted for by the,Federal 
Government in^J2?5 was down from the 15_ 
^ percent share held in*J96& I&shate of articles m 
y dropped in 10 # of lipids for^vhfch data are 
£ - ay^Jable. The pnly field reflectihg an increased 
share by this fetfor was. engineering^ while the • 

- greatest decreases? were showi^for astrohomy, 
atmospheric science, oceanography, r'and.^ 

* ^^heniistry^. . * - . ~, . y 

Private industry also held an Average share of * 
11 percent in ,1975, compared wif h a 13 percent 
shire in 196d. Its share, of /articles in 1975 

• increased in* three fields (jftolltica^ sHence* 
atmospheric'' science, and oceanpgrajphy) But 

4 decreased In eight fields. The largest decreases 
were in mathematics, engineering, ancLghysics. . 

Nonprofit institutions accounted for an. -t. 
average share of 4 percent in 1975L roOghly equal 
tothel9S0jshare. * 5 
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% ; Chapter 4 
Industrial R&D and/lnitiovation 
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. IndustriaLR&I/ artd Innovation* 



INblCATOR HIGHLIGHTS 



It is estimated that the total j^enditure for 
R&D in industry was $26^$Ulion in 1976, 
up 9 percent over the 1975 estimate and 2% 
times Che' 1960 leyeLJFhe 1960-76 increase 
j$$ulted primarily/from increases in jn- 
Tdustry^own R&p funds. 

When meastfral in constant dollars, total 
industry jk&D spending is expected to show 
a 4-pere£nttncrease-betvveen 1975 and 1976. 
i^marks the first increase in constant- 
liar industrial* R&EX expenditures since 
73, 

In January 1975 there were an estimated 
357,500 R&D scientists and engineer^ 
employed by industry. This number_has 
remained level since 1973 but is down nearly , 
8 percent from the 4969 foglf of 387,100. 
*the entire decrease since 1969 cart be 
attributed to 'a drop in the nupher^of 
federally .supported R&D scientists and 
engineers. 

Six industries accounted for ojjfcr 85 percent 
of all industrial R&D spending in 1974 They 
were -electrical equipment and communica- 
, tion, aircraft and missiles, machinery, motor 
vehicles and other transportation equip- 
ment, chemicals and allied prc^ucts, and 

professional and scientific ftlstruments. 

• *. 

According to estimates,, industry spent»$l 6 
billion on energy R&D projects in 1976 with 
37 percent of that amount -going fpr fossil 
fuel R&Lk primarily m petroleum- Another 
49 percent was directed to nuclear energy. 
An estimated $663 million was spent or* 
pollution abatement R&D projects urt976, * 
. with 74 percent ofthat ^directed tbward air 
pollution programs. 

*? 

More than two-thirds of total industrial 
applied research and development expen- 
ditures were in six product areas in 1974; 
communication equipment and electronic 
components, machinery, aircraft and parts, 
guided missiles and spacecraft, motor 



vehicles and other* transportation equip- 
ment^ahd cher~~~ T ~ 




The group of industries with the greatest 
R&D intensity XLe., the greatestcompany 
ahd total R&D expenditees-asaperceritof 
net sales and the greatest Qumbex: of R&D * 
scientists * and engineers per 1,000 
•employees) has>een an almost steady drop 
in the second and third of these factdte since 
their highest level was reached in 1964. 

a The number of U.S. patentsgranted per year 
fo U£. inventors reached a peak in 1971 and- 
% has declined steadily since then. The number 
granted to foreign inventors has^increased 
almost every year since 1963. The number 
^assigned to U.S. corporations also reached.a 
ppalcifrl971, while the number assigned to 
U.S. -individuals peaked in 1974'. 

□ The pejxent of patents «due lo foreign 
VSnventorsincreased in nearly evecy product , 
/ field from 1965 to 1975. Foreign patfcntingis 
especially lygh in the "motorcycle artdbicycle, 
drug, railroad equipment, organic chemicals, 
aircraft, and nonferrous metals industries. 

a In 1975, VS. corporations ; owned the 
highest percentage of V S. patented inven- 
tions Sue to ILS. inventors in the chemical, 
petroleum," and" itfilgr industries^ I$S. 
Government- ownership was liighest in 
ordnance and missiles, U.S. individuals had * 
thgir greatest percentage of p^tents,_in , 
shipbuilding, farm and garden equipment, 
construction machineig^nd refrigeration 
machinery* , 'SSVl .* 

d OiOhe £asis ^of a sample of * major in- ' 
novations introduced to the market between 
1953 and 19^, smaU^firms (up to 1,000 : 
employees) were found ta produce about 4 . 
times as many innovations per R&D dollar 
" medium-sized- fignsJU/OOO to 10,000. 
employees) and about 24 pnief as jrtany as 
large finps (pver 10,000 employees)* The 
total number of innovations produced by, 
small firms was greater than for large ftrms, 



and both producep more than medium -sized ^ 
firms* ' . ^ 

The most R&0*intens|ve* manufacturing 
. Industries product the majority of the 
sample of major 'innovations; during the 
1953-75 period; these ind lis tries accounted 
'fbt 50 percent of the innovations* followed 
by intefmedialtejlevel industries with 21 
percent* and the least R&D-intensive in- 
dijstries with 9 percent. R&D-performing 
noiimanufacturing industries accounted for 
. 1% percent. The. more R&D-irftensive § 
groups had fewer innovations per R&D ' 
dollar.— , , 

The largest percentage of the sample of„ 
major Innovations introduced in 1953-73 
were rated as technological improvements 
{38 percent), followed by majQr 
technological shifts (28 percent), and radical 
breakthroughs (26 percent). The remainder , 
were rated at \nost as imitations. The 
jfractionrcafled radical^ breakthroughs de 
dined from £6 percent in 1953*59 *to 16 
percent' in 1967-73, -While those rated as 
major technological shifts increased cor- 
respondingly. This change was primarily* 
due to a drop in radical breakthroughs* 
reported by the most R&D-intensive in- 
dustries. 

In proportion to net sales, the greatest 
numbers of major innovations in*the sample 



were produced by "the professional . and 
scientific* instruments industry and the 
stone, day, and glass products industry. In 
terms of their R&D expenditures the 
industries producing the most innovations, 

' were stoae, clay, and glass products; wood 

'products; textiles; and rubbef.* 

The most. frequently dted source of the 
technology underlying majgr innovations 
was applied ^research, most* of which was 
performed within the innovating company. 
' Second in frequency wai jbasic research, 
most of which again was internal, followed 
by the transfer of technblogy from an 
existing product £f the same 'firm. Cen- 
tralized corporate R&D activity was often 
dted, but did not account for all of Ihe 
underlying internal research^/ * v 

Public, funds assisted in the development of 
f 24 percent of the sample innovations 

produced by the most R&D-intensive group 
- of industries and 36* percent of those from 
« the reporting nonmanufacturing industries. 

Other industries had fewer innovations 
' assisted by public support. » 

Sixty percent of ihe inventions underlying 

major innovations occurred in , the profit 
^ center that produced the innovation and 25 
* percent elsewhere in the same enterprise. 

Independent jnventors and universities 

contributed less frequently. 



Research and development provides a ba>*> 
and miuh of the impetus for the teihnok»giia! 
innovation that t\<.ur? in industry The rc >ultr 

'of innovation are new and improved pr^HJu^tf 
processes, and services These "are Aie eje^nents 

"of teehnotogical progress', leading u\signifuant 
improvements' 5 ' in the Nation* productmtv ' 
economic health, and standard of living 

Industrial R&D activity co'mpnses basic , 
research, applied research, and development 
Basiw^search consists of original investigations 
directed} toward the advancement of scientific 
knowledge, which do not have speufic commer* 
cial objectives, but may be in fields of intercut to 
the performing company applied research 
consists of those scientific investigations that 
are direc ted towa rd spec if ic commen. lal produc t s 
of processes. Development is the .engineering 



vwork required t** rrr^ve a product to the point 
where it ready 'for manufacturing The 
iharatter and extent of industrial R&Dactivitv 
. varv vonsiderablv. from industry. to?ndustr> vind 
from company to company ** 
• 

Although the innovation process !<• complex, 
"expensive, and risky, failure of a firm or an 
industry to be innovative may mean the 
economit failure of that firm or industry 4 as w ell, 
with consequences for the^ general economy 
R&D must compete for funds and ma/tfpower 
with other possible areas of investment, but for* 
man> firms R&D investment is found tobe>both 
necessary anS competitive in its returns with 
other possible allocations of funds 

In this chapter indicators of the state of 
industrial R&D and innovation are presented in 



- terns, of the levels of input to and outpufcfrorn. A 
^the innovation process, Input iniutors dftcribe 
*the. % dollar expenditures ' •andy sdentifjt and 
engineering manpower leyeis devoted ^ indus- 
trial R&D. indicators of the output Spm this 
investment -take- the form of the number* of 
patents ' and iiuibvations produced by R&D- 
performing industries^ as these depend on the 
R&D mteniity of different Industrie? and other 
variables. The chapter concludes with a sum- 
mary of majqr findings from studied of the effect 
of K&D and innovation on the^conomy and 
"society as a whoje. 



v such R&D amounts to IS *o 30 percent df the 
typical costs in successful product innovation f A 
*Z9fl' study of 38 product innovations tn three 
industries found R&D to he 46 percent of the 
total innovative cost, on the ^verage* For 83 
product and process innovations occurrine in 
Canada, the expenditure pn R&D was 59 percent 
of^he total cost of innovation.' 

These figures Ire affected by the different, 
ways in which the various studies defined the 
stages of the innovation process. They ere also 
affected, of course, by any differences that may 
exist between the industries , and countries 



_ involved Jin those studies. 4 But they suffice* to 

* ~show that the costs of R&D are a significant 

yr portion, but b£no.meafts all, of the tptal cost of . 

. , i *ii «. j * - j a* f technological innovation, 

and personnel allocated -to indite- J * * s * 



RESOURCES FOR INDUSTRIAL. R&D 



The money 

trial R&D are among the essential inputs to that 
. effort, and therefore can # serve as indicators of its 
magnitude. One sjlch ~ indicator which is r , 
presented in the following sections is the total ' 
expenditure for industrial R&D "from year to 
year, which is further analysed according to the 
source of the funds Ad- the specific industry 
within which they ate spent. The numbers of 
personnel working in industrial R&D are 
presented in a similar way Special attention is 
given to industrial R&D efforts in energy and 
pollution abatement. Next there follow in- * 
dicators*of the distribution of industrial R&D 
resources among basic research, appKed 
[research, and development The allocation of 
applied research and development funds among 
product • fields „ if then discussed. ' Dat? are 
presented also on the distributipn of R&D 
expenditijres among companies of different 
sizes, and finally industries are classified accord" 
ing to the intensity of their R&D efforts. 

In* interpreting these indicators, it must be 
kept m mind that R&t) is not the only Input to 
the innovation process in industry. As later 
■sections will point put, there are subsequent 
steps in the process which may in fact require 
much greater Expenditures than those thafgo 
3nto R&D. Such steps include tooling, manufac- • 
hiring start-up, and marketing start-up. R&D 
itself cart» be 4 taken to include research and ^ 
advanced development (e.g., in, a pilot plant),, 
including basic invention and engineering *and / 
designing of the product. In 1967 one. panel' 
published an estimate, widely quoted since, that 



.Expenditures for .industrial R&D 

US. industry performs 'nearly 70 percent of 
the Nation's total R&D, on a dollar basis. 5 ,Since 
1960 there has been a steady increase in funding 

, for industrial R&D with the exception of a drop 
from 1969 to 1970, as shownlnFigure 4-1. When 
growth in R&D funding resumed in 1971, it 
continued througfi 1976*according to estimates; 
the compound annual rate of increase from 1970 
to 1976 is about 6.5 percent, the same as in the 
1960-69 period. Most of the increase, however, 
was absorbed by higherprices forR&D inputs; 
the yearly constant dollar expenditures since 

' 1970 oscillate and show no definite.trend. 

Current estimates place expenditures for 
industrial R&D at $26.5 billion in 1976. This is 9 
percent above the estimate for 1975, and 2Vi 
times the I960 level. When measured in oonsfant 
' dollars, totjd indastryR&D spending is expected 
to show a 4 pepce'n t increase from 1975 to 1976. 

r "•■ ■ * / 



a Ynhsebpod Iknczelten. by Lznrvnmcnl **J M*n*gemtnu 
department of Commerce, 1967. 



2 £. Mansfield, et *L. Reseanh exi Depebprncni tk tht fAdtm 
Cypertim. (New Ycric MacMillan, 1971). 

* Stltxttd St&tiftK? tnhJezhectep&l hn&Ato&t m Industry* STC 
Cat. No. 13-555, Stajstics Canada, 1975, 

« Ori all three^s7udies/» see H. Stead, The Costs of 
Tcdino!o^ynnovaHon^Rc*««iP^.VolS(197^pp 2- 
% 

tHatennl Patient' ef R&D Rtttmrm. 1953*76* National 
Science Foundation (NSF 76-310), p. 4. Industrial R&D 
expenditures presented in rfus repori . include al! costs 
incurred in support of R&D.&e, salaries/ laboratory 
equipment wefhead, etc.), but do not include associated' 
•capita! expenditures. See Rtstxuk and Otvchpmtni in IkJutiy. 
19!4. National Suence foundation (NSF 76-322), p. 1/, /or 
• further information on jthe scope of these Costs. 



This is the first time since .1973 that industry 's . 
* real R&D expenditures are expected to increase- * 

• Figure 4-1 also shows the two sources«of the 
R&D funds spent in industry for^eacJi*year- % 
Federal Government and industry's oWn funds, 
which ipclude State government funding and all 
other soufces. Largely because of the. decline in * 
R&D funds from the National Aeronautics and 
5pac£ Administration (NASA), which began 
about Vft6, Fedpral^jpjJort of industrial R&D 
leveled off and dropped below industry's own 
^funds in t963 : Federal R&D funds accounted fur 
an estimated 38 percent of total industry R&D 



expenditures in 1976 compared with 58 percent 
in I960. 

Among individual industries, federally fi- 
nancea research and development accounts for 
differ entproppr tions of their total R&D activity. 
Virtually every major industry performs some., 
research and development for the Federal 
Government. However, as shown in Table 4-2 
for the latest year for which data are available, 
two •industries— aircraft and missiles, and elec- 
trical equipment and communication— were by 
far the most heavily engaged in Federal R&D 
work* - \ * 

\ 

\ 

\ ' . ; ■ .95 




Industrial R&D personnel 

Between 1973 and 1975 the number of 
industrial R&P scientists and engineers showed 
Bttle change. The i975 level of 35^,500, how- 
ever, does represent a market! reduction from 
thai reported in 1969 when total employment of 
industrial R&D scientists and engineers reached 
387/100. From Figure 4-3, it is obvious that the " 
decline in Federal R&D funds has been the major 
factor in this trend- Between 1969 and 1975, the 
number of industrial R&D scientists ,and 
engineers supported by Federal funds d&lined. 
by almost ,50,000 while those supported by 
industry funds increased by almost 20,000. 
Aircraft and missiles firms»and electrical equip 
ment 'and communication companies accounted 
for four-fifths of the drop in federally supported 
R&D science and engineering professionals 
employed by industry. 6 - * ^ 0 •>> 

These data, on the number of scientists and 
"engineers engaged in the perfprmance of 
industrial research^ and development are pro-' 



* Rawth and Dtvthpmtni in Industry. 1974, National Science 
Foundation (N$5 76-322), p, 46, zndRtstarjchend Dnt&pmtni tn 
Industry, 7969rNational Science Foundation (NSF 71-18;, p. 
43., 



Scientists awl engineers 1 • 
* engaged in Industrial R&D > ; 
** by source^ funds, 1 960-75 
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vided as a second indicator of the level of R&D 
activity, complementing data on R&D expen- , 
ditures expressed in constant dollars. As shown 
in Figure 4-4, the trend lines representing 
growth in annual total employment of R&D 
scientists and engineers and in constant dollar 
'R&fr expenditures compare ♦quite closely 
throughout the 1960-75 period/ 

R&D expenditures by individual industries 

The role of research and^developmenNn me 
continued growth and prosperity of any^xn- 
dustry is determined by several factors— the 
* types of industrial activity undertaken, the state* 
of technology in, that activity, the nature and 
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extent of competition, the availability of natural 
resources 3md, especially in recent years, perfor- 
mance, safety; an3 'pollution regulations im- 
posed try governments Furthermore, among 
firms within an industry, the decision to support 
an R&D program is a matter of management 
"oudook and policy. It is not surprising, there- 
fore, that the* level and characteristics of R&D 
activity show considerable variation among 
industries. 



than 4 percent of all industrial R&D spending.^ 
r Six manufacturing industries reported R&D., 
expenditures over the billion dollar ley el inW?^ 
and together they accounted for 85 percent of 
total industrial B&O spending (Figure 4-5). The * 
six industries^'are electrical 1 equipment and 
Communication, aircraft and missiles, 
machinery/ motor vehicles and other transpor- 
tation equipment, chemicals and allied products^ 
ai]d professional anoscienjtific instruments. The 
increases in R&D spending from 1973 to!974 in 
three' of these industries — chemicals (15"per- 
c 4 ^nt), machinery (14 percent), and instruments^ 
(lljpercent)— were-well ahead of lhe"7 percent 
growth rate in total industrial R&D spending^ * 

The ^960 / s s^w a steady and substantial 
growth in individual industries' R&D expen-^ 
ditures in terms oftboth current and constant^ 
dollars. After that, inflation began to cut into the 
increases budgeted for research and develop- 
ment, which can be seen in Figure 4-6. Beginning 
• in 1970, aircraft and missiles firms experienced a 
substantial drop in R&D activity broiigitt on by 
cutbacks in the Government's space program. * 
Growth in R&D spending by this industry has^ 
since resumed, but expenditures sfill are short of 
the peak reached in 1969- Onlhe -other hand, 
chemicals, machinery, and instruments reported . 
peak-year performances in 1974 in terms of both 
"current and constant dollars. " % 



ditures on energy sources 
llution abatement s ~ 

growing areas of industry's civilian R&D 
are the development of energy sources 
n abatement. It as estimated that 
was spent in industry for^eneigy 
This is 10 percent above tbe 1975 
percent above that, for 1973 (see 
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Some level of R&D -activity can be found in 
virtually all manufacturing lnclustne^and man> 
nonmanufacturing industries. However, only, 
certain nonmanufacttinng industries report/ 
^significant levels df expenditures for R&D The 
cdmbined effort of this group reprints les|_ 

' :' - • v ■ ' • ; ? / 

-. . - -1 U03. 

. • • * - . L \ / 



, " Rncank kid Dtvdcpmaa in Industry, J 974, National Science 
_ fpundaten (NSF 76-322), p. 26. These nonmanu factoring 
/ Jn^ustrjes.arc agricultural services; fores try, hunting, and 
f* fisheries; mining; construct jon; .nonrad transportation and 
other public utilities, wholesale and "retail trade; finance, 
insurance, and real estate; and selected service industries,- 
. These are *thfc "nonmanufacturing "industries* discussed 
throughout this chapter. ^ * - 

9 Includes office, computing,, and accounting machines,. 
mrtaT^jang machinery* engines and turbines, Ufta 
machinery; wnsfruction, rnining, and materials handling 
machinery, v • * J - 

• KjkD, expenditures; by all industries are. presented In 
^Appendix TaBfe 4-4. % 
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^ Industrial Rfflcxpehditu^perpent change, 1970-74 

"currecrftfeltors 

• * *i 

Motor vehicles and other frafigortatjoa equipment 

- Mach inery 

Fabricated metaJ products 
* , . x 
lumber, «cod products, aod furnltoe 

„ Professional aS scientific instruments 

Chemicals aod allied products 

Kuouer products 

Electrical eqwpcnect aod uxnrjuoicatw 

woo and xkxvm prooocQ 

paper aod allied products 

Stone, day, and glass products 

^ n Todilei<and apparel 

Petr&teura refining and extraction 

v - § 

Prircary petals 

a. 1 

— Aircraft and missiles 



Constant dollar 




Table 4-7). It is also 6 percent of afl industrial 
■R&D expenditure estimated for 197&,au!brding 
to Appendix Table 4«1. The first four industries 
listed on Table 4-7 account for about 80 percent 
of the total expenditure for energy R&Din each 
year. The greatest percentage increased, from* 
1973 to 1976 are A in t npnmanufactunng* in- 
dustries, chemicals, ^nd -aircraft, while the 
largest dollar increases are in ,the^electncal 
equipment and petroleum industries, ^ 

Almost half of the total R&D funds spent on 
energy production in industry have c6nsistentl> 
gofie into nuclear processes (Tible 4-8i The 
great bulk of this goes into fission processes, 
fossil fuels are second only to nuclear fuels in 
funds expended, but their share dropped from 43 
percent in 1973 to an estimated 37 percent in 



1976. In the same interval, the greatest percent 
changes have occurred in the less highly funded . 
areas of geethermal and solar 'energy. High j 
percentage increases also occurred in epergy 
conservation and utilization. 

The Federal Government's share Jn funding 
for energy R&D wenfcfrom 38 percent in 1973 to ' 
43 percent in 1975. In coal R&D the federally 
funded share rose from 14 # to 22 percent Nuclear* 
-energy Is the area* which' is 'most heavily 
supported by the Government. In 1975 Federal : 
supror tstoodat 77 percent of all funds spent for 
i)uclear*eoergy R&D, which was .also 87 percent 
of all Federal support for energy R&D, On the 
other 'hand, conservation and utilization Is an 
area in which ndn-Federal support is growing 
faster than Federal support. The companies' own, 
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* ifimcfe rose fronj^O percent of the totalin J974 to ^ 
83 percent irt 19/5. CompanieV own funds go 
itft<} the Jevelopment^f oU more than any c>£her 
energysourcf Jri ^i97^diwtrysp6rt48Tpercfent 

\ Qf all its own energy R^D.fumfem this this * 
figure dtoppedtto 41 pefcefit In 1975. „ ^ 

, Spending for poUutiogT abatement R&&rose~ 
•by ail estimated 10 percent over thelw3-7i3 / 
>Jnterval (Table 4-9), less than^the inflation rate. I 

Most of the increase was between 1973 and " 

* 1974; there wa^a drop from 1974 to 1975. The 
lafgest increases* both in percent and absQlute 
terins, were recorded in the 4nxraft A chemical^ 

r^md "other'' manufacturing industries, while 
thei-e was a decrease in fitting by*the motor 
veliicles industry and .nonmanufacturmg in- 
dustries. Still, more than half of all pollution 
abatement expendituresoccur wifljm the motor 
vehicles industry,* ~ / "/ "* .^.< 

Federal support of pollution abatement R&D 
"in industry, has amounted to only 6 to 8 percent 

* of 'the total in recent years (Table 4no)- Air 
pollution consistently receives about three - 
fourths \>{ all .funding, jwhile three-fourths of 
thisjn turn is devoted to automotive emissions. 
The"expendttures on emissions R&D. are virtual- 
ly the same as those shown for the motor,, 
vehicles industry on Table 4-9, aswould be 
expected. The greatest fractional change was in 



solid waste R&D, which more than doubled from 
its relatively lowjigure'in 1973* to the estimated 1 
1976 expenditure. * * 



Allocation of expenditures to basic I 
research, applied research* and * 
development ♦ 

' ' ^' ' 4 " * 0 

Business enterprises, pf necessity, , are 
, primarily outpuf oriented. This" Js . reflected 
" thro£rg|tout the wide spectrum of activities 
parried otj^ by industrial firms, including their 
R&D activities, and explains why such factors as 
risk and expected time to payotf play sudi an ' 
important role in setting finhs' R&D policies. 
Although the proportion differs somewhat 
among individual industries, the result pf this 
management policy/or^ihdustry as a whole is-e 
retatfyely heavy investment in development, at 
times approaching four -fifths of total industrial 
R&D Spending, £n<J a lighten, investment in 
research, of which only-a small part, usually 3 to 
£ percent of total R&D.spending^ go^s for basic 
\ research (Figure 4-11). Furthermore, In times of 
^ financial strain, firms generally lean even more 
toward * the lower risk, quicker payoff R&D 
projects. It should be noted, however, that of the 
relatively small amount devdted to Research, 
only (g»e-fourth was federally funded in 1976, 



according to estimates ^(Figure* 4-12). This 
compares with* 1965, when about 40 percent of 
industry's research was funded by4he Govern- 
ment. The portion of development supported by 
Federal funds, also went down, from 60 percent 
in 1965 to about 40 percent in. 1976. 

_ The tendency of industry since*1960 has been 
■ toward invfesjfcing in applied research and. even 
more toward development, is evident from 
the tre^d4ines shown in Figure 4-1 1: The 
. estimated constant dollar incf eases in R&D 
funding from I960 to 1976 were percent. for 
basic research, 21 percent for applied research, 
and 33 percent Tor 'development. 

Applied research and development " .T 
• by jp* oduct fiefd 

^In some respects, it is more informative to 
examine trends jn applied researcH^nd deVelor>- 
ment expenditures by product field than by 
industry group in assessing industrial R&D \ 



performance. 10 When expenditures are reported 
|jy industry group, all the R&D performed by a. 
" corporation is assigned to the ^sjpgle* industry 

* unde* which lhat corporation is classified. 

( However, existing* data .perfnit the R&D per- 
formed by a corporation to be allocated among 
lhat corpora tlprt's various prqjduct fields. Gonse^ 
quently an ^analysis of RfcD expenditures 7 

- . according fo_product fields givesa more refined 
" cfescriptiorif of the allocation of such funds, c 

Product fields, Jike industries^ are classified in 
.terms of tl^ ?Jandard Industrial Classification. 
Seventeen broad 'fields ar^e distinguished. Sorne 

• of these are subdivided, *so thai the subdivisions^ 
added to the undivided \brpad product fields 
make .up 29 . narrow fields;- A cdmpietk $st of 
fields is given in Appendix Tabl£ 4-6., '* 



10 Expend flu res for basic research t are excluded here since 
. such research, by definition/ is not directed toward specific 
products. : v „ 
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^Klore^Xhan two^-thirds or total applied research 

andjdevelopmerttexpenditures in 1974 went into * V' , ~ ■ y * '{ 

~ only Abf the 17 broad product Held categories* £ ^ / < " i < , . ' ^| 

-The six fields and' their respective shares are Distribution of industrial R&1> - s , ^ / 

shown in Table 4-03. * y W size'of/fbi&any^a^ > 

4 Of the 29 narrovy pfl^duct Kpld Categories, i7 w # . B^id|s being mainly concentrated in only five 

experienced changes inbaaif^t dQHar six iifiiustries # industrial R&DJ$ further* 

levels of 15 percent err more during the 1971-74" , conceittrated ^ithift" a sm^l nuinber tf large ^ 

period. These fields ife shown in Table- 4- 14 companies,' l."e. # COTipanies witlt mojre than 

. grouped -aqebr^g to steVof increase or tOAOO emplbyeek Jbi ^?74 A 309 of these coW # ^ 

decrease* W * % ^ ? : "^panies accounted £k£4 percent of all industrial *^ 

* - k * * i *** *"* - ..^ " * * * " • * **- 

^ - * w f • . , *« - • .j» 

< * - » -< , . * • ^ . 
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R&D expenditures; the total number of R&D- 

performirig companies is estimated at more than 
11,000. The. 30. leading companies spent 53 

percent 6f»theJS7^totaDl At this, level 
.-concentration, tne R&D activities ofSa single 
I firm can significarrtlyaffect the overall level of 

industrial R&D effort. 

. Industries .vary lividelylif the extent toHvhicK 1 
their K&f> is concentrated To'consid^ orfiy the 
six leading R&D-perfornung industries, the 
motor vehicles, industry hacf 94 percent of 

*R4*D expenditure concentratedjn tEe^top four 

_C " - ~* m 

^ f RttrzknrJDtz&FnM mtndxtfiy. 1974. National Science 



companies m ^.974; $iis figure was 6£ percent in 
the instruments industry, 55 percent ioelectncal 
equipment and communication, _S4' percent in 
aircraft ancf missiles, 43 percent in machinery, , 
and 33 percent in chemicals. .7 

A* discussion of the distribution of_R&D 
expenditures would be incomplete withoufs0me 
ihention of small "high technolc^y" firms»JThis 
group of, research-based enterprises accounts 
for a small .^portion of total industrial R&D 
spending. However, they are responsible for a 
substantial contribution ,io \ science J JziA\ 
technology and* are considered by many*to be , 
mpre efficient performers of * research ,and, 
development than large companies.* 2 , / _\ J 

Moreover,^ there; is.sonte evidence that such ^ 
\ companies .are also mere effective in producing ^ 
new jobs. A sample group of five "young KgK* 
technology^ companies^ wa^rburid to increaseitV 
aggregate safes jit a fate Jbf 43 percent com- 
pounded per^year, from 1969 fo 1974. Jn thfe 
sam^intervai,,six' / maturecompanies' , increased 
, thein jsales^ by JL1 percent per ye*r. However^ 
employment in die young companies increased 
bji 41 percenter year {luring that time, while 
that in tHe mature companies increased only J. 
percent. 13 A possible reason for this is that more. 



1 1 For further information on R&D in small cpmpanies,>ee 
Thomas Hogan and John Chirichiello^ 'TheRole ofRe%arch 
and development in SmallTirms^in The Yiud Majorty^nall 
Business i* lie Amman Economy, SnudWusiness Administra- 
tion, 1974. " " - ' ~ / V 

TkiRoUcf Ne» Technical Enterprises h tike US. Economy: A 
Report of The Commerce Technical Atovscry Board to the Secretary of 
Commerce, Department of Commerce (January '1976), p&U, 




• mature ahct larger corporations tend to reduce 
cmpfoyment via such ni^h^tisms as improved 
; productivity;. Since the iample taken was so 
" smalls these- itumfiejs ftave only^ suggestive 
- 5, value. ^, * -V v 3 , " - . 

. The Jhistory of high technology, companies 
^ founded since World WatH suggests that it is in 
v : the Nation's interest that such companies 
v . ' . continue to Be established. Therefore it is. a 
jnatter^f 'concern that fewer and iewer small 
f " % high-technology companies are being founded, 
• 1" * every year. Qne measure of this is the number 
' . apd aggregate funding of new technical com* 
partes that are publicly financed, as shown on 




R&D intensity of'manufatfimng 
industries -y 

« * * * 

The proportion or an industry's human and^ 



may he regarded as & measure o£ the "R&D 
inteifeity" of that industry. Indices t^iat may be 
w ffor quantifying theJevel of R&D intensity 
the nuiriter of R&D scientist? and engineers 
per 1,000 employees ancf the total and company 
R&D funds as a percentage of net sales. As 
stated earlier in this chapter, the level of R&D > 
effort varies considerably among industries and _ 
among companies within an industry? Further 
eviaence of this variation is contained in Table 4- 
16 which fhows the three indices of R&D 
intensity for the 15 major classes, of manufac- 
turing industries. These indices provide a basis 
for dividing the 15 industries into thre^ distinct 
groups, where each is separatedfromthe next by 
a factor of approximately three wtiv respect to 
each measure % of R&D intensite/llie rdatiVe 
sizes of these three groups arsfodicated Jby the 
fact that the total net sales by Group I industries 
over the l?61-74 period were 23_percent abpve 
the sales by industries inGroupILand 48 per/tent 
. above Grouj> IH sales*** + * / 

During the 1961-74period^ch of tMlndices 
for Groups II and EI, as shown in Figure- 4-17, 
remained fa|rfy constant or declined ^j^^lylFor 
_ Group I, however,, two ofethe indices 'show a 
substantia drop. The primary reason for this 
drop is the reductioti* in Federal support of 
industrial research and development after th^ 
mid-1960' s that was indicated above ort Figures 
4^L and4-3, v * 1 *\ ^ 



financial resources which is utilized for R&D * . ditbres (oijR&p^ ' ^ 



„ 14 The^dthe/" manufacturing industries, excluded from 
this ^ble/fu^netjMles'roushly 10 percent ofGroop I net * 

nonmanuffjturing industries reporting considerable expen- 
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OlJTPUTS FROM INDUSTRIE. R&D; ' 

The preceding sections df this chapter have 
dealt with inputs to the R&D portion of the. 
innovation pfoces* in iiyiustry^ Alk of the 
resulting indicators have describedfhcdollars or 
, manpower devoted to industrial R&D. The 
sections that^ follow show some attempts to 
ly ifteasur^ the 'output from the innovation 
process. Indicators of this kind are much more 
difficult to develop; no units as simple.as dollars 
,. r brjpersons employ ed -are readily available to 
^'measure outputs. The discussion presented hefe 
r\ ~ represents an early stage in the'development of , 
- - \ such output indicators. % ^ r 

j- Twa lands oJMndicators wfl bs. discussed: 
^patents will serve* as a measure of inventions 
. * produced in industry* The year-to-year prbduc- 
! titm of patented inventions is^anaJyzed accord- 
/ ing to' inventor, assignee, and product field 
' Innovations themselves are studied by analyzing 
a sample of major innovations in terms of such 
variables as their radicalness, the year ofmajrket* 
-,. introduction, thesizfe of the innovating company 
; and the industry it belongs to, the R&D 
intensiveness of that industry, and the source qf 
die technology underlying Ithe innovation 

Future work is expected to improve upon^he 
output indicators presented here. Many of the * 
benefits to incfustiy from R&D are neglected/ 
, , sudi as reduced costs* greater output or higher 
? quality in the productidn of existing products 
""« The present indicators, furthermore^ 4o.not 
directly relate outputs to their corresponding" 
inputs. For example, it would be very helpful to 
know the relationship between the rate "of 
patented Invention and the resources .expended 
_ for the R&D that leads up to inve^joru To find 
such relationships it may prove necessary to 
develop explicit modelsf or invention and for the 
whole innovation process. Such models would 
haye to allow for many. other inpflts to the, 
innovation process in addition to R&D dollars 
and manpower. 

By the same token, technological innovation is 
not the only factor aff&ting productivity and 
' economic growth. Because so many other 
factors intervene, no indicators are given here q£ 
-the effecUof innovation on productivity and 
economic growth in general. In lieu of quan- 
titative indicators of this relationship, the final 
, • section of this ^chapter presents some con- 
clusions drawn from studies that have" been done 
dn this area, [ ? 



Finally, the Indicators in this chapter* do not 
include measures of the -negative results' or side- 
effects of technological innwation. These costs 
may be extensive in personal and sodaT terms, ' 
ranging from the loss of jobs to pollution of the 
environment. Tke c determination of these costs „ 
and their assessment relative to* benefits is 
necessary for the wise management pHnnova- 
tion/ Valid indicator? of these costs, however, 
are exceedingly difficult to develop because they 
require a rather precise relating of causes with 
effects. Such models musfJepeadona great deal 
of additional research* 



Patented inventions . _ 

Invention is an essential stage in the innova- 
tion process. It consists in theden\onsfeation of a 
new technical idea by the building and testing of ^ 
a wording model of a nay device or processor a 
usable batch of a new material. The idea thereby 
becomes" suitable for patenting. Hence the 
juimber o£ patents produced jn a given 
technological area r of* by a. certain source, can 
servers an indicator of the levelof technological 
activity there.and of its success.* Of course, the * 
nuxrA&z ofcpatents may in somecases understate 
the ^ctyal level of invention. For various reasons 

_an invention -may never be ^patented as, for 
example, when the protection afforded by a 
patentfis less important than the rapid introduc- 
tion of a new product into the market pla^e, or 
when the expected protection does not of f s£tthe 
hazard of disclosure. -In other cases, patent 
output-may overstate the level of invention, as . 
when numerous'defensive patents are obtained 
arouncLa basic invention, or when a competitor 
establishes a nuisance patent that -makes it 
difficult for the. originator to develop , the 
invention without obtaining a license from him. 

m Finally, patents' differ greatly in their economic 
and social significance*/ Only a fraction of all- 
patented inventions become embodied in new 
and improved products, processes, and services, 
and only some m ot v these eventually produce 
substantial economic or social returns. 

The majority of patente4 invep 
come from research performe d 4rtt lu i 



tions now 

„. „ _ . ...in the R&D 

programs of large industrial corporations. Many 
of the others, including some very significant 
^dries, come from independent inventors. In any 
cijse,, patented inventions constitute a major 
resource for technology-based industries, which 
use them as the input for the stibsequent stages 




f^of development, manufacturing start-tip, and 
marketing* In this sense, inventions are an input 
to the innovation process, as much as an output 

, , L t * - 

Patent output by inventor and assignee. The 
mtaberQf^tentejg^a^ 
in a given year is a measure of invenOTe^ctivity^ 
in a somewhat earlier period, since roughly*2 
years are required for processing and examining 
of patentapplicafions byiheU.S/Pafeiit f}(&c& 
Figure 448 shows the total numberpf patents 
granted in each yeartronv 1960t lo 1976. This 
number shows significant fluctuation from year 
to y&r, some of which is du£to variations in thg 
rateof Patent .Office processing, but there is a 
dear 0verall increase from 1960 lo 1971, with a 

- decline thereafter. ' 

* ■ - « 

ieJSgure also shows the number of U.S. 
&nts_ granted in each year to inventors who 
■j were residents of the United States and to 
Inventors reading in/othfer countries. The 
^number of foreign inventions patented in the 
United States has increased with considerable 
consistency throughout-theperifcd from 1960 i 
^ 1976. On the other hand, the number of patenl 

- granted to U.SLlnventors reached a peak in 19 
-and ha& declined steadily since. In 19^6 tl 
number was below the level for^ny year since 

^ 1965. The decrease in U.S. inventions accounts 
" for the decline in the total number of p 
• since 1971^'which was*noted above. 

/ Wfteri a patent is granted, it is sornfe times 
owned Wf the inventor, but very often it is 
assignee to some other owner. For example, an 
k employee of a corporation op a contractor will 
frecfuently allow his patented invention to be 
assigned to the corporation that supported ms 
research. Similarly, patents are often assigned to 
the US. Governmentif die underlying research 
was done in an inhouse R&D facility of a 
Government agency, .or by a university or 

- ^corporate laboratory working under a Govern- 

ment grant or contract. Counts, of patent 
assignments therefore give &n indication of the 
professional affiliation of inventors.. 

On Pjgure 4-19, the* patents granted to U S. 
inventors are further subdivided according to 
the four classes of owners to which they were 
assigned, fof each .year from 1961 to ^976. U.S. 
corporations were by far the ittbst frequent 
assignees, 15 with about 70 percent of the patent* 



tents 




55 A recent report, A Krar» 4 P*J"J Oviurfkip* Office of 
Technology Assessment, and Forecast Ui3. Patent Office, . 
Janjiary 1975, identified specific companies involved tn active 
technologic!! areas* ^ 



in anytyear.JLLS. individuals were assigned most 
of the remainder, from 20 to 30 percent in any 
one year. The corporations' share may^actually 
be larger than Is shown, since "US. individuals" 
included patents that are not -assigned ;fcn- the 
date of issuer A few of these are later assigned to 
corporations. Sttfll, it is dear that the drop in 
'patenting due to U.S. inventors beginning in 
1971 is largely-dpe to a drop in corporation 
patenting activity. However, ownership by 
individuals has also been decreasing since 1974. 



Patent output by field of invention, It is of 
interest td Jcnow the distribution of patents 
among various industries, since this can serve as 
an indicator of the level of invention in those 
industries, under the limitations no£ed,<above. 
The files of the Patent Office do not aljow this 
distribution. to be determined directly, sin£e they 
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classify paterits iccording to the nature of the 
material or device patented, rather thari*accord- 
ing to Industry. However, a concordance has 
recently been demoped by the Patent^Qfftce 
that permits aboik 95 percent of all patents 
granted by the United States from 1963 to 1975 
to be apportioned among BZ classes of manufac- 
turing industries. 1 * jpie concordance is based on 
: of Patent Office personnel 
»,are most likely to produce 
'[ materials oLa given kind, 
/elopment it does not take 
' companies or industries 
Its. Instead,, ft in effect 
; of their product fields, 



the general judgmi 
as to which industrii 
patentable devices o: 
At this stage of its di 
account of the actu. 
that own .the pat- 
classifies patents in te: 



which arje described earlier in this chapter, 



Tfte ^pncordance allots a pertainkindof device 
* to more than one product field if it seems to be 
applicable to mors than one. Hence a patent for^ 
such a device wul be allotted to more than one 
product field, and sp will be courted more than. 
ortGe. The multiple counting of patents may lead 
to a single patent being allotted to twp^or more^ 
nairow product, fields under the sante broad 
. product'fteld. However, in such a case the broad ' • 
product field will receive only "one count 3he \ 
result of this is that patent eounts'ftt naarow' 
product fields* dr/nofc Sn,general add up to -the 
. counts -Jn their inclusive broad product 4 fidd 
class, nor can the broad fiddV.be combined to 
give the total number of patents granted. It; 
should be noted that the product fields used^in^ 
the concordance do not exactly correspond with 
the industry classes used .efeewhere' in titis ' 
chapter* / ^ I ~' 

Appendifc Table 4-12 shows the number of 
HS* patents duetotJJS.inventoirs ahdallottedto 
each of the 52Lnarrpw product fields,; for each 
year from 1963 to 1975- The data for the six 
broad product fields with themost patents also 
. appear in Bgure-*-20;The number pf patents 
produced in each fidd depends to some extenton . 
the way in which the fields are defined. Beyond 
this, however, £he figure shows that in most of- 
the six fields therSliasbeenBttleifioy growth in 
*the rate of patenting since 1965. This 4 is 
consistent with thebelCTiorof the tot^number 
ofU-5* patents due to ]pS. inventions as si 
in Figure 4-18. X ; £ 

Appendix Table 4-fc2, also shows the-a^erage* 
yearly increase or, oterease in the rate of - 

" patenting for each fidd in th^interval from 1963 
to 1975^ Among the fidds shown in Figure 4- 
20, professional and scientific instruments' had 
th$ greatest growth Me, .3.9 percent per yearr 

^The chemical field w^s second with 2.8 percenf : 

" per £ear Among the narrow product fields, soap 
and.detergeiits had the highest :grwlhraieat 
6.7percent per year. The other leaders were also^ 

^ within the chemical or drug fields. The greatest* 
decrease between 1963 and 1975 occurred in 
guided missiles andipace vehicles, which Ipst an 
average 4.0 percent per year in their rate of 

Katenting. . Other losses occurred in the 
ou^ehold appliance andpthe motorcycle an3 
bicyde fidds. " 



u Indicators ef lJu P*lt*t ! 
Technology Assessment 
Trademark Office, 1976. (A I 
for this .report.} 



I of US. Industry, If, Office of 
Forecast, VS. Patent mi 
f commissioned specifically 



"This is found from the slope of the least^uares line, , 
which is the.straight line that best fits the data for each 
productively from 196$ to 1975. The least-squares line is 
used because it removes the effect of stray year-to-year 
fluctuations. - V £ 

' ' *t : • • . i~- ... 




' Patent output by inventor, assignee, and field 
of invention. The distribution of patents 
granted can be further analyzed by considering 
simultaneously investors or owners and product 
fidds. "plus Table. 4-21 shows the level of 
foref^ 'invention for those narrow product 
fields that had thfe highest and lowest percen- 
tages of foreign invention in 1975. Comparison 
made with the percentage of foreign invention 
Jn the same fields ih 1965/ and actual patent 



counts a?e also shown for both years. Cor* 
responding information for all product fields can 
:be*found in Appendix Table 4-13. 

, Some of the fields in .which foreign invention 
is prominent such as motorcycles andbkycjev 
are quite small Others, however,like drugs and r 
industrial organic chemicals, are very substan^ 
fiat The product fields in which foreign paten- 
ting % Ih'the United States is relatively low also 
include some major fields However, for every 
^product field shown, Idreign patenting has 
increased in relative terms since l$p5.The actual 
patent count? serve to show the reasons f orthis. 
Ih some cases, namely drugs imd industrial 
organic chemicals; US. patenting actually in- 
creased between 1965 and 1975, bufeioreign 
patenting increased so much faster, that the 
percent due to foreign inventors went up. In the 
othet cases, the rjumb^r of patents to US; 1 
.inventors droppedfrom 1$65 to l?75.Inthecase 
of ordnance and miscellaneous chemical 
* products, foreign patenting also dropped, but 
ILS. patenting dropped even more in relative 
terms. * 

Similarly, for those inventions that are due to . 
U.S- inventors, it lis possible to jshtfw the 
ownership of patents in the various product 
fields. U.S- corporations are the owners of most 
pfsuchpatents,asFigttre4-19shows;Table4-22 
indicates the particuIar*product fields in which 
ownership by U.S. corporations was greatest 
and least in 1975. Thepercent ownership by U.S.^ 
corporations in/l965*is also tabulated for the" 
same fields. The five fields with the greatest " 
corporation ownership are all related " 16 
chemicals. The fields ^th the lowest ownership/ 
, by corporations had exceptionally'high levels of 
ownership by ilje U.S. Government or U,S. 
individuals^ the follpwing tables indicate* 

Table 4-23 sliows the pfoduct fieUs with the 
greatest percentage ownership of t£5. patents 
by tfcte Federal Government Ordnance dearly * 
leads" the other fields, aid the percentage of 
Government ownership of these patents has 
increasectirom 32 to 42 percent between 1965 
and 1975. According to Appendix Tabje 4-14, f 
which indudes the distribution of ownership for m 
all product fields, there was a corresponding 
drop in ownerships by U^* individuals in this 
field. The fields of greatest ownership by U.S. 
individuals are listed on Table 4-24. U.S. 
individuals have, the greatest share, of the 
patents in fields related to transportation and. 
machinery. ^ 
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Patent output inadivepatent fields. Aspeaal 
study Ws made of .30 fields that sltowed 

'* especially Wgli patenting acfi^ 

pnmo<L They were sp diosen that six of these 
* patent fi|lds would' faB unde* each of the^ive 
manufacturing industries in R&D Intensity 
Group L^rTher 30 sctiye patent fields can be 

r considered, as- a group and compared with afi 
patents granted, as in jTable 4-25. Th& percent 
foreign Invention afid the ownership are com- 
pared; fox patents granted in 1975. The most 



active fields have a significantly greater per- 
centage of foreign invention tfiait do all U.S. 
patent^ taken together. There *Is also a very 
significant difference . in ownership- patterns* 
More patents, in the most active fields are owned, 
by U.S. corporations, while U.S. individuate own 
considerably fewer of them* _ 



*» A list of these 30 active patent fields appear* in the first 
chapter of this report *7nfemarjonal Indicators of 'Science 
and Technology*, - . 
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Patent output By date tff application It has 
been noted that patents counted according to 
date of grant reflect -inventive activity in*an, 

Jjarijerjpenocf l>ecaUse there are delays in the 
processing of ap^<^tions tx^tjhe Patent Office. 
Abo, fluctuations are introdi^ff into the counts 
fcy variations in this processing v Sqine data are 
available to show patent counts by date of a 

jtpgtication for patents that are subsequently „ 
granted. Figure 4 -26 isan example- It shows total 

^counts for U.S. patents and divides this count 
according to U.S. and foreign inventors. Thus it 
corresponds to FigUrw 4-18 earlier in this 
chapteryData a$e reliable only for the interyaL 
from 1965 to 1973, wnich is more narrow than 
the intej<yal coverecfpy Figure 4^18. It should be 
noteti thata few patents thdt were applied for in 
these years may yet be granted* If so f they will 
add only slightly to the counts shown for these 

^years* J ° 

^ As the figure indicates, there is much less 
fluctaation rroEit year to year when application 
date's are used, rather than grant dates as on 
Figure 4-18. The total nurnber of applications 
that were later granted readied a peak in .1971. * 
Applications from U.S. inventorsjreached a peak 



in 1969 and also fell significantly after 1971., On 
the other hand, applications'*, from foreign 
inventors increased in every year after 1965. 

For the patents granted to U;5. inventors, a 
further analysis can be made of patent ownership i 
by year of application. Thisis shown onFigure4v 
27, It corresponds to Figure 4-19, which shows 
the ownership of patents due to U.S* inventors^ 
by ySar'of gateritgrant. U.S .corporations, whith 
have the largest -share, hacf their greatest 
number of successful applicationsJn 1969* The^ 
greatest number of grants to U.S7 corporations 
occurred in 1971, according to Figure 4?19.This # * 
shows^the effect, of the 2-year delay in tfie 
processing of applications. Patents assigned to 
the U.SyGovernment reached their maximum in 
1969 and have declined steadily since. Patents 
assigned to U.S. individuals reached a peak in . 

1970. t * r * ' * 



Technological - innovation . ; involves . new . 
technology 01* new Applications pf technology, 
and therefore is commonly a product of R&D. 
Hence the rate, of production of technological^ 
innovations by certain industries or industry 
groups, of by thg whole Nation, can serve as a 
measuFe o£ the success of theR&D effort of that 
aggregate lit a given period. At the s<ime time, it • 
must be recognized that the rate <?f R&D-baSed 
fcjnov&tion do'eg. not depend on R&D expen- 
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• Figure 4-28 shows patent activity iy date df 
application for the six major pVcxfuct fields 
shown on Figure 4-20 above. Data for all fields 
. are given in Appendix Table 4-17* In the shorter 
, period represented byFigure 4-28, patenting in 
eaduqf the selected major product fields goes ■ 
through a maximum in softie year £r6m 1966 to 
1971* As the Appendix Table indicates* U*S, 
patintingd^oppedjn nearlyrsvery product fiel3 
front 11971 $0 1973, /n^terms of date of 
-applicatipn^'/The only . excepticfhs were in 
agricultural chemicals; drugs;, and motorcycles, 
bicycles, and parts. y ••«-_"--_. 



. Technology and innovation % 

r * * - * 

* Innovation, as, here understood, is the in- 
troduction^ of new or improved products, 
processes, - # or services into the market. 
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. ditures-^alone, but 4s strongly af feezed, by such 
" other factors as the availability of capital and 
government regulatory policy* .Evep if an. 
"* invention has been created, .and development , 

* has^ produced a. wttkable process by which a 5 
Suitable versionof tKe invention caabe put into 
^mmereialpi:odu<£ion,_the introduction pi the* 
-product into the market may bedeterred by the t 

, idjgh cos tsoF manufacturing start-up or by the, 
<^>sts and risfo involved iri jest ablishipg a new 
nutrket Moreover; tfi^vefsion*ofeR&Drforid% v ^ 
into; /# d^fensive research", such as- research £<k 
insure that products and processes comgly with * 

t requirements _^teposed by, government/ may 
sometimes reduce 'tKe number of genuine in- 
novations, ? 

Indicator of U.S. tecfmological innovation v 
were developed <yi the basis of a study of major 
technological innovations that were introduced 

_into the Uncommercial market during the 
period 1953-73. All are products or processes, 
rather than services, and were selected for their 

. importance by a fatiji£ panel 19 The panelists 
^wete asfc^ fc^onsiaer the, spe&fic innovation 
aiyi its technological consequences^ as well as its 
primary *ajid secbrSfary impact? in socio-. 

- economy: and political terms. Thus jthe in- 

, novations that were studiedare not fepresentar 
thje' of the great nu&jbej of industrial % 
. innovation^ that are only minor modifications of 

> existing products and processes.- 

The sample studied contained 277 innovations 
marketed by ui£ tfi^nu^cturing^pmpanies All 
of Jfchese; companies belonged to one of .the 
manufacturing industries listed earlier in this 
chapter; hence each mjiovation could be assigned 
td^one of thethreerR&D intensity groups of 

^manufacturing industries. In addition/ there , 
were 42 innovations introduced hy US. non* t 
manufacturing industries. Of these, 33 came , 
from industries for which R&D expenditure 

j data are available because they spend significant 

* amounts foe R&I). Hence there were 310 
innovations that could.be'used to /insure R&lJ, 
o?tpufe . ^ c ^ , 

' Table 4^29 gives 2 selection of the innovations 

that, were studied, arranged according ti> the 
„ industry that introduced them into the market. 

The list shows that the innovations considered 
. were highly diverse. Tfte set of 310 innovations 

from which these were faken may be considered 



r 



a reprejfeAtation of all major U.S. innovatipi^in 
the 1953-93 period. Hence the &fabut&ris of ^ 
these ini\dvations that are discussed beldw may. 
be taken to apply to all /riajor innovations in this ^ 
period. In this wa£ general cond&stonscan be 
reached about # U*S. innovativ^^cMvity. I t Should 
be recognized, however, that no test has been 
,made xff the validity of this sample as 
. representation of aB majpr imiov^Bpns. JSehce 
^some* caution b/requirea interpreting thesfr' 
indicates^' 
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Stelndk&ffioflnlcrrtattenarTrntds tit Ttthnckpml Innoval&n* 
fitllpan Rtttirdv Associate 1976. . v 



Innovation and company size^Tnesize ofthe^ 
innovatingcompanyisa variable Uiatimportan^ 
ly affects the number^J^ajorinn^atio^ilut ; 
the company prodjuces. This, subject was^airi-' ._. 
ined by studying the^set of major innovations , 
described above. Figure 4-30 shows the percent 
\ of the innowti&is studieifftat^^,p|pduced J 
by companies in each of five size cate^olcieS ancL 
in each of three &ie periods. Cqmpaby size, m .* \ 
measured iiji terjhs of , total nuip^er px \ 
employees. These results ihow 9 that large^ 
companies \ (those with 10^000^ or more^| 
' employees) produced tife grwtest proportion of ~; 
major innovations; followed by ; fotas in fh'e two * 
* smallest size categories (up to VW, and 100 to 
1,000 empfdyees). The data also ^hb^ that the 
v nitober of iimb^Hons^^:(gnj targe companies 
^ }ias ixfereased oVe$ tim^in botfi ab5blute>and 
- relatiye^terms. On the ^ other hand/ if all firpris 
with tip "tp^X»00O employees are called ''small ? 
firms^ then small firms jproduced more jgajbr * 
^jrftrofyatiqns^ian Urge 'firms in the 1953-59 and 
1960-66 p^is, and an equal number in the • 
196£-73 per?^ Overall, however, thfdisfribu- 
tioft of innqv^iqns by company size does not 
* 'changeugreatl/JfrbrKonetime^ric^to^o^^ 

The effect ofcdmpartysize^vffi be ^dearer |f the 
^different groups of trdmpanies based ph sizecan 
^ *be reduced to qomp^rable "terms. The various 

size groups contained differj|it numbers of '\ 
r firms, and .put different leveB^of effort infa 
I&D.ThiswiUaao^ntfojmuchofthey^ 
" < ijpl their outputs of innervations. • *f*. m '\ , 

One way to remove this^Factor would be hf ' w 
clivide the total number of maj'or ipnbvatioris^ ' 
m produced b& eadi size group in eajch timeinteryal , 
} ' py the corresponding nuenper of dollars that that" . 
group spent tm I^&D in that interval. The resulr 
^Srould be the innovation rate, ininn^atiora per 
dofiar^ for each jgroup In each interval/ With -"■ 
< available data itis possible to make an estimate of • 
this, rate by dividing the number of innovations 
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in the sample studiedby the R&D expenditure of 
'the entire size group in the middle year of the 
- appropriate tune interval The results are shoton 

Table 4-31. , 

■ • * -# 

The numbers shown are proportional to the' 
jiucciber of major innovations pnnjuced per R&D 
doljjir; under the stated a$$umptipns. One 
obvious trend is a drop in this quantity from one 
tne period to the next, sometimes approaching 
factor qf two. Much of this can probably be 
attributed to inflation. The other trend, which is 
even stronger, is the drop in innovation rate as 
one mo^esfromsmaller to larger firms in a given 
time period From the smallest to the middle- 
sized firms the drop is by a factor of three or 
four. Between thtmiddle^ized and the largest 
finxjs theratedropsb^factyyaryingfromfive 
*to eight, Fop the wple %95^73 period, the 
small&st firms produced- about_4 times as many 



major innovation? ger R&D dollar as thenuddle- r 
sized firms and 24*timesas many as the largest 

^firms^V ^ 

The limitations in the data underlying this 
tableh^eheeltnotedltshouldalsoberepeated . 
that ail innovation irpot the prdduct of R&D- 
alone, 'but also requires a tooBh& manufac- 
turing, • and marketing *ffci* which often 
involves a much greater expenditure than the 
R&D did, fience R&D expenditures do not 
" measure the total effort that industry jmts into, 
innovafton* In* addition, the iable <fej* not^ 
-distinguish between more 'and less expensive' 
major innovations. It is conceivable that larger 
firms have fewer major innovations per R&D 
dollar because they produce the more expensive 
ones. It may also be that larger firms tend to, 
iprdduce 'minor rather than inajor innovations, 
e.g., small improvements that reduceihe cost of 
high-throughput manufacturing prpcesses 
rather than completely novel products* ^ • 

Innovation ajid industry group. It is plausible 
to suppose that, dfher things being equal the 
industries that devote more pflheir resources to 
R&D will* also be more innovative^ This 
hypothesis was tested on the sample set of majc^ 
innovations. The restdtsare shown in Figure 4- 
3,2, in terms of the percent" of innovations 
"produced in each industry groupin eich of three 
time periods. As predicted, Manufacturing 
Group I produced the greatest number of 
„ innovatiorfc, 59 percent of the total, followed by 




Group II, With 21 percent C?roup IH and 
nphmanufacturing i njtotn es behaved similarly x 
producing 9 and 11 percent, respectively, of the 

.- total The share attributed to each ^industry 
group changes little from one period to another. 

. The* most significant change is from the first to* 
the second period, particularly for Croup EL 

Thesfe results can be corrijparedwith the total 
'funds that these industry groups spent forR&D 
" v inroughly the same overall fteridi from 1958 to 
1973 *° Group I spent 78 percent of -the total 
while Group II spent IS percent, Group III 4 
percent/ *and nonmanufacturing industries 3 
: percent^Thus thegroup that snent the mos^fofcv 
*' R&P produced &rnujst innovations, but not in 



^ proportion to its dollar input Equrvalently, the n 
r grdups that spent the least for R&D obtained the 

greatest number of major innovations per R&D, 

dollar* ^ -L * \ . 

* '* 

In the case of the. manufacturing industries, it . 
is also possible to compare the number of 
innovations with total net safes for*each,R&D 
Intensity group. £rouj> I haii 40 percent of 
maxmfacttiri^gindustry net sales for these three 
groups bfJ the pfenod 1961 to*1973* Group H had 

^ 32 percenjt and Group HI 27 percent 2 } Hence » 
Group fhjad inuch more than its share of major 
innovations, by this measure, while Group II had 

^ less than its share and Group III much less.^ ^ 

Individual industries cafh also be compared 
vyith respect to their production ^ of ntejor 
innovations. This is done in Figure 4^33, which 
show the percent pf the total set of major 
innovations studied that were attributed to each 
of. the manufacturing industries, with hoh~ 

% manufacturing industries added for comparison. 
The four manufacturing industries showing the 
greatest innovative output— electrical equip- 
ment and commuriicatioij, chemilab and allied 
products, machinery, and professional and 
scientific instruments— belong to R&OTntensi- 
ty Group L The fifth Group I Indus try— aircraft 
and missiles — produced fewer innovations, Xhis 
may be because only thfse defense and space 
" innovations that were introduced into the 
commercial market were included in the sample 
studied. On the other hand, the primary metals 

" industry, which belongs to Intensity Group H£, « 
produced a relatively high number of in- 
novations. - , ^ .* v , ' +~. ^ \ 

While Figure 4- 33"indicates the distribution of 
major innovations according tq> industry, it does 
not allow for the fact that the yarious industries 
contain .different numbers pf companies, of 
different sizes, and. also have different total 
R&D expenditures. ,An attempt to take"tnese 
factors into account is made iR Table 4-34* Tftis 
table shows the number of major innovatiofT^f or 
each industry, divided by the total/jet -sales of " 
that mdustry, or its total R&D expenditures, for 
as many ^ years as possible in the wfe-73 
interval. 22 " . ■ ^ , , 



36 Racsnh end DrveUpmaU m Industry, I 9 ?3 m National Science 
Foundation (NSF 75-315), p. 26 andfoxarj and Dnxbpmenl a 
Jjwf**i>, 197 U National Sdence Foundation JNSF 7* 305), p 
25. 



1} R&earch and Dttcbpyntni in Industry, 1 974, National Science 
Foundation (NSF 76-322?, p. 54 and earlier volumes. 

» Net sales data are available from 1961 onward/ total * 
R&D datajFrom 195$ onwardtSjpce Table 4-34 shows each 
industry in comparison with one industry chosen as a basis/ 
the fact that these expenditure data do not go back to 1953 is 
partly compensated for- . • " . ~ - . , ' 
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In terms of net sales, the professional and 

scientific instruments industry and the stone, 
_clay, and gfcss products industry were especially 

innovative. The mbst innovative industry, in 
r - terms of R&D expenditures, was the stone,day, 

and glass products industry followed by the 
' wood products, textiles/ and rubber industries. 

Ntefie of tlre'iive jnanufacturing industries with 

* the moist Innovation! per R&D dollar belong to 
R&D Intensity Group I. This is consistent with 

* the observation made above ^h&t the less an 
- industry group spent on R&D, the more 
' Innovations it obtained per R&D dollar 

* Industries Can be still more finely classified, 
with the* aid of the Standard Indfetrid 



Classification. This makes it possible toshow the 

* specific industrial areas in which major in- 
novations occurred most frequently in the 1953- * 

' 73 period, on the hasis of. the sample of 
innovations investigated in -this study. THe 
. 4 results are shown in Table 4-35 for three * 
" successive 7-year periods.^ 

* - ■ •* / ' . - < 

The prominence of electronics is evident in the 
last two periods. The chemical industry is 

. prominent in the first period (drugs, industrial 
organic chemicals) and the second (plastics), 
white the motor vehicle industry, including tire 
manufacture, is important in the first and third 
periods* f " ^ * 



- Estimated radicalness of innovations. In- # 
novations range from imitations of existing 
_ technologies to developments of radically new 
' technologies afid products. At one end of the 
Spectrum, little new knowledge may be involved 
in an innovation, whileat the other end, new and 
fundamental advances in knowledge and tech* 
* nique may have^betfn required. In the present 
study, "the. distribution of major -innovations 
ajbng this spectrum was estimated by obtaining 
gratings of the radifatness of the innovations. 
/These ratings, were made by the innovating 
J organizations, themselves^ Although inherently 
] subjective, such ratings may provide some* valid , 
insights regarding trends in industrial innova- 
tion. Another limitation that may be not'ed is 
\ that the radicalness of innovatipns does not 



returns.or social consequences than moreradical 
innovations. ^ 



v 



The respondent provided ratings for 250 o£ 
the 310 U.S. major innovations7by assigning 
each to one of the. following classifications: 
radical breakthrough, majprtechnological shift 
improvements imitationA or jto: fiew • 
technological knowledge required. The last two 
classifications, which describe ib£ lowest degree 
of radicalness, together comprised only 8 
f percent <5f all the innovations and are combined 
in this discussion. • • ; • t 

Figure 4^36 shows the distribution of in- 
novations among the categories in each of the 
three 7-year intervals from i95?_ to 1973. Over 
this period as a whole, major innovations 
involving improvement were the most frequent- 
ly reported, amounting to 38 percent of #ie total 
This compares with 28 percent report edas major 
technological shifts and 26*pe£ent as radical 
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fex^througlis* Th«nost significant changed 
ihis distribueonr in this overall period was; a 4 
^steady ' drop in Jttie repprted radical. 
&«akthroughs from/3^ percent' of the in- ^ 
novations in 3953^59f to 16 percent of those in " 
19£?-73^ This was| almost balanced by an . 
increase in the proportion of innovations ranked 
as major Jedmological shite firom 1? percent of 
*thel953rS9innovationsto35|>ercentof iftosein 
r 1967-73. * . - - " # " ~ ./* 

. Figure 4-37 show^ the radicalisms ratings - 
according to industry 1 group as well as time 
interval The oveftll decrease* in major in- 
novations called ladiqi^breakthrougns is seen 10 
beduepriniarily to adduction in the number of 
such innovations from.Manufacturing Group I, 
whidi is the most R&D-intensive group. In 
1953-§? and 1960-66, 19> percent ofalT m- 
. ^ novations woe radical breakthroughs frdm- f 




437 * -f: v # . 

Estimated radicafoess of major * 
irwwaBonsiyin^^ ^ 

1953S , r 



30 ^ 




1960-9S 

flwMMJh MM.^wiT^ tape period 

o 10 aa 



30 




*f \ , i /, , «« *■ n 



- 1967-73 / 




I WUtics cc mmw technology 



122 



ERIC 



Group i This figure drcjpped to 6 percent o£ all 
. tKe innovations marketed in 1967-73* Tfie 
percentage of major technolo^cal shifts from 
Group; r I industries increased to offset this 
detline in major biteakthroughs. Othetindustry , 
cgroups also showed declines in their percent- 
ages of radicalireakthroughs from their 1953- 
59 leveljbut to a greater extent their innovations 
wereoj# n^por^as i^proveinaits/ 

. Ovrf the whole 1953-73 period, the Group I 
manufacturing industries had an especially high 
. number of major technological shifts {53> as 
Appendix Table 4-22 shows) and an especially 
low Ttuirtbfer of innovations thaf were only 
' imitations. Group H had a higher number of 
imitafion^{9)/ than other groups,: while Group 
HI had a lower number of major technological 
shifts (2). Otherwise, the distribution of , the 
degree of radicalness of innovations pyer 
industry groups was ^tl^imiform. 

Sources? of technology underlying in- 
novations. The technology underlying ah in- 
. novation may be acquired in a variety of ways, 
These include basic research, applied research, 
licensing, , merger or acquisition of a going 
rcbhcecn, the transfer of technology fromua'n 
, existing product of the innovating enterprise}} 
and.the putright purchase of a patenter know- 
how. The basic or applied research may have 
been generated within the innovating company, 
of it may have been done ontheoutsicle Within 
the company, , an of fidal centralized R&D 
organization may Have done the research, or -it 
- may have-been done elsewhere in die company, 
eg;./ in a manufacturing division. ^Various 
combinations of these means may be involved in 
_ the case of a single innovation* For example, the^ 
underlying technology for the high-speed 
phototype^^gmachine wasacquir^ through 
a combi^ti^nof internally generated basic and 
ap$£fect research; along with the transfer of 
''technology from one of Jthe firm's existing 
product fines, 

The spurces of the technology underlying thg^ 
major innovations in,this study are shown m . 
" Figure 4-38. These data were supplied by the 
innovating firms, and cover about 250 in* 
^^oyafions. For each one, the firm could indicate . 
any number of sources from the list provided 
(shown, in Appendix Table 4-23) and all such 
indications were counted equally. 

The dependencspf innovation on research— 
applied and bask—is evident from the figure. 
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Disiribution of major U.S, innovations 
by source of technology, 1953-73 
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Applied* research contributed to nearly £0 
percent of the ' major innovations, and basic 
research to nearly 50- percent. In both cases, 
almost all the research reported was performed 
within the innovating company; 85 percent of all 
major innovations involvedinternally generated 
applied xlsearch, anc^ 36 percent internally 
generated basic research. (These numbers 
include the innovations for which the re search 
was both interna! and external, but such 
innovations amount to only 4 percent of all the 
cases in which internally generated research was 
reported.) The reports ,of internally generated 
research are more reliable than those of external 
research, since the respondents could not be 
expected to know as much aboiit the latter, 

Corporate research centers contributed to the 
underlying technology of 56 percent of the 
, innovations. Since a greater percentage of 



innovations than this benefited from internally 
generated applied *rese*rA* t is e&dent that * 
much of this research w^don^ekevyhereinthe 
innovating company. Some of Ithe internaibasic 
. research may also-have beenHone outside the 
inearth enters. Aside from fesearch, th^only - 

/ signiffcantsouraoftechnol^ 
of- technology from an existing product of the ■ 
same company; this occurred Jn the case of 33 

^ percent of the innovations. 4 

V. As wasnofed,,the responding firms were not 
necessarily aware of the extent of the research 
underlying their innovations that had been 
performed outsidethe company. They were very ^ 

^ possibly not aware of the basic research con- 

^ tribating to their own internal research, which 
/might have^been performed at universities or. 

/elsewhere outside' industry-^In addition, the 
res^ardixmderfying transferred technology was 
not considered. Hence the numbers reported 
Here should be considered lower liSiits for the 
actual contributions of research to innovati 




^The sounds of technology can also be stu 
,by dividing the innovations according to 

\ industry group to Whidi the innovating com- 
pany belongs ^Figure 4-39). AH industry groups 
relied on applied research fbrat I$ast fib percent 
of their major innovations, and contributed their 
o w n app fed research to at least 74 percent The 
higher R&D-intensity groups showed more 
dependence on both basic research and internal 
technology transfer. Manufacturing Group II 
industries depended more tha^n the other,, 
manufacturing groups on outside research, 
though they also showed a marginally greater * 
reliance,^ on v their own corporate research 

~_ centers. Nonmanpfacturing industries relief on 
basic research for a large portion of their 
innovations, but reported relatively little in- 

- volvement on the part of their researdj centers. 
This would imply that they perforated a great 
deal of botfrbasio and applied research outside 
such centers. * 

It Is also jpossible to show the sources of , 
techifologyfor die iiiAovations according to the 
degrees of radicalness that those innovations 
were assigned, as in Figure 4-40 As would be 
expected, the major innovations labeled imita- 
tion or no new technological knowledge required 
relied on relatively few technology sources of 
any kind. This part of the £gure is based on only 
a,smaH sample. Otherwise/ it is found that all 
radicalness classes depended heavily on applied 
research.* The more radical innovations were 
basedmore frequently on basic research, but less 
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frequently on internal technology transfer or 
R&D perfprmedat the'eorporate RkD center. 

On Figure 4-41, the p«centj>f the major 
innovation&that were assisted with public funds 
is shown for each R&6^intensity/dass of 
manufacturing industries and also for non- 
manufacturing industries. Public funds include 
government grants and contracts. Group 1, the 
roost R&D-intensiye group of manufacturing 
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industries, reported a much higher frequency of 
public support than the other two groups of 
manufacturing industries. Nonmanufactjiring 
industr^l reported an especially high frequency 
of pubBc funding, but since fewer innovations 
are involved in this case the significance of this 
result is (ess certain* 

* lie innovating companies were also asked 
what die sources were of the inventidh or 
conception that underlay their innovation As 
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Figure 4-4? indicates, the great majority 
reportedthat it was the same profit center that 
produced the innovation* The next mest fre- 
quent answer was another part <?f the same 
enterprise. Many also -cited an Independent 
inventor as the souree. ^ 



SOCIAL AND ECONOMIC 
RETURNS FROM R&D AND B^tf OVAHOf^K 

The social and economic effects oflnnovation 
in general, and of R&D in {articular, ar«iot yet ' 
, understood well enough to make possible the 
presentation of quantitative indicators of these 
effects. A number or studies have been con- 
duct ed 7 but their frequent differences of 
method, range, and basic conceptualization 
make it difficult to pull together a reliable 
general picture. In place of definite indicators, 
and in anticipation of future efforts in this area, 
this section will present some tentative con- 
clusions that summarize many of the* in- 
vestigations that have been conducted! 
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The contribution of R&D 10 economic grotofh and 
productivity is "positive, significant, and high" (I). 25 
This contribution occurs through technological 
innovation in the form of new and improved 
production processes, products, and services., 
These may expand^economic output increase 
productivity, or reduce unit costs. Such innova- 
tion is an important— pfcrhaps the most 
important — factor In the economic growth of 
£he United States in this century (2-4). On the 
other hand, it is widely recognized that there are 
costs associated with technological change, 
including dollar costE For example pofltttiondue 
to technological rfiatfge causes expenses both to 
industry and consumers. Such costs must* be 
deducted from the economic benefits attributed 
"to innpvation- 

Investment in R&D and innovation yields a rate of 
return as high as — and often higher than — ike returjrfrom 
other investments. This* applies to investments for 

\ , " % 

& The*e number* reft? to the reference* provided at the 
end of this dupteiC 



specific innovations by both the public arid ^ 
^private sectors, and to R&D investments bjr. - 
individual -industries. Rates of return from" 
specific innovations are estimated, cons ervajive- 
ly, to average between 10 and 5oWrcent per* 
year X5-10), while ret&rns to, innovating in- i 
dustnes, in the form of productivity growth, J 
range from 30 to 50*percent{j2-19}- fc ^ 

The J>enefits to industries which purchase neur or 
improved products from innovating fivns may equal or . 
exceed the direct returns lo t fcinnovaHng fimsThcmsclves. 
These benefits occur particularly in thejorm of 
reduced prices or costs per tinit of output to the 
industries that purchase or use the innovations. 
The rates of return to these industries 3tre 
estimated to range from 20 to BO percent per 
year (20-22)* . _ "_" „ ... 

Industry may underinvest in R&D and innovation, in 
terms of their prcfabtt^^male benefits b the firm and la 
society (23-25). There ares^eral disincentives to 
a firm's investihgas miichas&^^erager^tULrns, 
from R&D and innovation w§2ld^ warrant* 
Jhere may be uncertainty ahd risk invested Jn 
specific innovation efforts, as weflasalongSelay^ 
fefbre returns can be expected." The scale orT 
investment required may be too grea{ for that 
firm- Even though the , pot^tial henefit to 
society may exceed the^ebst of innovation, the 
firm may no t beable to translate enough of those * 
benefits into its own profits to justify the m 
necessary investment "This is particularly true . 
of basic research, wherd the output frequently * . 
occurs. . .not as a marketable product but ratKer 
as an advance in basic knowledge that can 
subsequently be* used in applied* research and 
development by a vride and often unforeseeable 
range of firms" (25). Additional hindrances may 
take thtf form of ii]tadequate property-rights 
protection for new ideas and^tedmologies;the . 
costs of establishing arid enforcing such rights, 
of/the difficulties and costs* of technology 
trimsf er by licensing and patent pooling (5, 26), - 
However, overinvestment is also possible; better • 
models are needed before it is possible to say that 

v. underinvestment is the -rule. m 

* * * - * 

Standard indices of economic performance, such as Gross 
Motional Product or output per Iman-hout, reflect only pari 
dflheantribuftoniohicfiR&Da^ 
economy and sodety (27). Technological innovation 
often results in new products and services that 
satisfy Tteetis and wants.no t satisfied previously. 
The value of such innovations to the consumer 
may far exceed the pricehe pays for the product . 
or sendee, but only the latter is/ counted in 
standard economic measures. Similarly, the 



effects of quantitative impr^ 
products and services,' resulting from Sjnova- » 
_ tidfc; may no t be represented adequately oy the 
common economic indices. In fact, innovations 
of this Jdnd may contribute, less to economic m 
growth as commonly measured than was. 
contributed by the unimproved /products or 
services. Standard economic indicators 
sometimes even misrepresent the costs of" 
technological innovation to society as benefits. 
Expenses that the public incurs in alleviating 
certain kinds of pollution, for example, are 
counted as part of the GNP- Thus- they super- 
6dalfy appear to be gains in thf publics standard 
of Jiving. Again, lit present economic accounting, 
goods and services provided to the public sector 
through nonmarket channels axe valued at cost, 
rather than at market prices. Thus, benefits 



from R&D and innovation fru areas such as' 
education and national defense may be un-/ 
derestimated by . a considerable margin in 
conventional economic indices/These observa- 
tions suggest that conventional economic 
measures fail to. capture the* full impact of 
technological innovation^on the economy and 
•syxiety. These and other defects' of method 
wouldseem to result in a general underestima- 
tion of the contributions and returns to society 
from R&D and innovation (28). However, some 
studies have attempted to improve on the 
standard measures. These studies take into 
account not only the dollars saved by those who 
buy industrial products at lower juices, but also 
any attendant increase in consumer welfare 
from price reductions, as well as any social costs 
that innovations produce # fe 6> 21*29-36). 



4 -~- 



References- 



5. 



'6. 



Research arid ^Developptent and Economic 
Crmtk/ProducHoibf, Papers and Proceedings 
of a Colloquium, National Science Founda : 
fion(NSF*2-303X 

Solow, ILMr/ 'Technical Change and the 
, Aggregate Production Function", Review $ % 
Economics and Statistics, V6L39 (August 1957), 
pp. 312-320* 

Denison, E. F., The Sources of Economic Growth 
in ihe Uniid&ales and ihe Alternatives Before Us 
(New York Committee for Economic 
Development, 1962). 

. -Mansfield, E., The Economics of Technological^ 
Change (NewYoife W.*W. Norton, 19^8). ? 
Griliches, Z.^'TJesesrch Costs .and Social 
Returns: Hybrid Corn and Related In- 
novations", Journal of PoliiicalJEconomy, 'VoL 
66 (October 1958), pp. 419-431. 
Peterson, W. JL, "Return to Poultry 
Research in ih*e United States", Journal o\ 
Parm Economics, VoL 49 (August 1967), pp. 

,656-669. ;« 

Ardita-Barletta, Costs and Social Benefits of 
Agrieuftural Research in Mexico, Unpublished 
PM>rd6sserfeticm^lJniver^ty of Chicago, 
1971. 

^ Eastman, S, E., The, Influence 4$ Variables 
\ Affecting ihe Worth of Expenditures $n Research or 
Expbfalory DevehpmmL An Empirical Case Study 
If the C-141A Aircraft Program. Institute for 
Defense Analyses, Memorandum N452(R), 
May 1967. ■ . J- * . " ; 



10. 



J 12. 



13. 



14. 



Weisbrod, B. A,, "Costs and Benefits of 
Medical Research: A Case Study of 
Poliomyelitis", Journal dj Political Economy, 
VoL 79 (May/June, 1971), pp. 527-5441 
Freemah, R, "Effects faR&Di Sodal and 
Private R^tes of Return, Investment Op- 
portunities"^ in J. H. Hollomon, et aL,< 
Supporting Studies- for Alternate? Federal Policies 
Affecting Ihe Use of Technology, Massachusetts 
institS te of Technology, Center for Policy 
Alternatives (NT1S publication If o.PB-221 
994, November 1971),, Z* . 
Mansfield, E., ed. x Industrial Research and 
Technological Innovation. JJtiew York: W. W. 

^o$xm,A968)? < ~ ' 

Minasian, J, R., , 'The Economics p£ 
Research andDevelopment", inThe Rate and 
* pirecHonofInvertiveAdivity:EcorwmkattdSmd 
factors, Conference of the Universities-^ 
^National Bureau Committee for Economic ^ 
Research aqd the Committee on Economic * 
Growth of the Sodal Science Research 
Council (New York^Arno Press, 1962). 
Minasian, J- R., "Research and Develop- 
ment, Production Functions, and R^tea of 
{ Return", American Economic Review, Vol. 59 
, (May 1969), pp. 80-86. 
Criliches, Z., Research Expenditures, 
Education, and the Aggregate Agricultural 
Production* Punction",>Mm/riwn Economic 
Review, yoL54XDecember J964), pp. 961- . 
974* ,» ' * . - • 



* — - ' * 

15. Evenson* Rv, Tkt Contribution of. Agricultural 
Research and Extension to Agricultural Production* 
* Unpu^^edPhiXdissertatfo^^ 
, of atfcagO,1969. . . 
16 r -Terleckyj, N. E., Swot 0/ Productivity Ad- 
vance: A Blot Study of Manufacturing Industries, 
1 1899-1953, Unpublished Ph.D. disserta- 
tion, Columbia University, 1960. 
17;* Terleckyj, N.E.,"Comjnent", foThe Theory 
and Empirical Analysis of Production, M. Brown 
fecE}*- National Bureau of Economic 
Research, Conference on Research in 
Income and Wealth, Vol* 31 of Studies in 
Income and Wealth {New York; Columbia 
University Press, 1967), pp. 372-379, 
18. Kendrick/J- W v % Productivity Trends in jke 
^ United. Sates, National Bureau of Economic 
* ^Research, New York (Princeton; Princeton 
UniversJtyPress A 1961)* ' % 
Brown," M. and Conrad, Av EL, 'The 
Influence of Research and Education on 
CES Prd3uction Relations 7 ', in The Theory 
* and Empirical Analysis of Production, M. Brown 
(ed.), National Bureau of Economic 
Research (New York: Columbia University * 
!' Press, 1967), pp> 341-372. 
20. Griliches, Z„ 'Research Expenditures and 
Growth Accounting", in Science and * 
Technology in Economic Growth, B. R. Williams 
(ed.), (New York: J. Wiley, 1973). 
* 2%. Max&Hdd,%.,etaL,Sockl and Private Rateiof 
Return from Industrial Innovations, VoL I, 
Analytic Report, and Vol II, Detailed 
Description of 17 Case Studies (NT1S 
Publication, 1975)* • , 

22. Terlecktf, N,,E„ Effeds of &&D r on the 
Productivity Growth of Industries: An Exploratory 
Study (Washington, D.C; National Plan- 

"~ ' * ning Association, 1974)* 

23. Arrow, K„ andZ. Griliches/'Comment*^ in 
The Rate and Direction of f inventive Activity: 
Economic and Social Factors, 'Conference of the 
Universities— National Bureau Committee^ 
for Economic Research and theCommittee 
pn Economic Growth of the Social Science 
Research Council (New York; Arno Press, m 
1962), • ' 1 

24. Nelson, R. R., "The Simpl^E^onomics of 
Basic Scientific Research", ft urnal of Political 

• '. £0^^701 67(195^^297-30^6. , 
. 25i, Economic Report of the president and The Annual r 



Report of. the Council of Ecommic A&isdrs, 
(Washington; U.S, Gove?rfment Printing 
Office, 1972), p. 126.. / 

26. Cheung, S. N. S v et aL, Contractual Arr&ge- 
ments and the Cdpiurahility of Returns in 
Innovations Report of a Pilot Investigation. Un- 
published final report of NSF Gfrant Nol 
PA44043, (NTIS Publication, Augjst 
1976). 

27. tJebon,R.R*;StffH<*, The Economy, and Public 
Policy (Santa Monica; The RAND Corpora- 
tion,^AND Paper 2903, 1964). . 

*28. The Measurement of Productivity, Survey of 
Current Business, VoL 52, No. 5,PartIItMay 
1972). * ' <:■ • ".. ' 

29, Lou, S. U., Siebetf, E., andiqrwood, J., 
"Methods for Measuring Social Returns 
from Innovation and Their Application", 
* (University of Iowa, unpublished^ 

30- Beardsley, G.L., Jr.,"Rates of Reh.irn from 
Investments in New Technology^ Uri- 
published PhD. dissertatiory University of 
Pennsylvania, 1974. *" * 

31. Evenson, IjL E., a^Kislev?Y.,i4^nb(f/«nd 
Rtsmdi and Productivity (New Haven; Yale 
University Press, 1975). ; * 

32. Peltzman, S.,_ Regulation vf t Phamaceutical 
Innovation?- The 1962 f Amendment* 
(Washington, D.C: American Enterprise 
Institute for Public Pplicy Research, 1974)* 

33. Akino, M./andHayami, Y./Tffidency,and 
Equity inPublic Research: RiceBreeding in 

Japan's Economic Development", American 
Journal of Agriiultural Economics, VoL 57 
(February 1975), pp^ 1-10. 1 - 

34. Aye^H.W^andSchuh^.E.^SodalRates 
of Return * antl Other Aspects of 
Agricultural Research; The Case of Cotton 
Research % Sao :Paulo r Brazil'* American' 
Journal of -AgricuIturaV Economics; VoL 54 
(November 1972), pp, 55^-569. \ , u 

35. Grossfield, K., "National Interest Aspects 
of Innovatidii", in Economics and Technical 
Change, £. M. Hugh-Jones' (ed.), British 
Association for the Advancement of Sci- 
ence (Clifton, NJ.: Augustus. Kefiey; 
1969). *; * * 

36. Grilicihes, Z., "Returns io Research/and 
a Development Expenditures in the Private 

„ ; Sector", Working Paper No. 434, (Cam- 
bridge: Harvlrd Institute of Economic 
Research,JiJeptetfiber 1975). 




Science and- Engineering Personnel 



INDICATOR HIGHLIGHT^ k 



o 



Employment of scientists and engineer's in 
J97| Is estinta ted at over 1.7 milHon/abou t 
\* \ _JtBe^ame*wimber as in %Q?0; engineers 

9 represented two-thieds of this total. 

& • . - t ' v 

a More of the Nation^ scientists and 

* - r gngin^erswereempkyediriindustrythanm 

* any other J£M>performing sector>*-about 
— one million in 1974-=-and over 60 percent of 

^ ^ this group were engineers. • #x - / 

*b - "fiie Federal ^Government support edless 
than 25 percent of all industrial saemllts 
and engineers in i974, downlFr^rn nearly £0 
percent in 1972;4ndustryis life and environ- 
. mental A scientists had die lowest average 
level of Feifcral supjxJrt, at about $ percent, 

* compared to the highest support (26 per- 
cent) for engineers." 

. a ' Universities and colleges employed about 
'289/000 scientists and engineers in 1976, 
afc&ftt 8,500^3 percent more than* tft£ 
nurrijEer employed in 19?5, increases in the 
number of psychologists and social sdentists 

* - accoiinted fo£58 perteri t of this change. 
* * * 

t5 The 160,-600, scientists and engineers 
employed by Hje Federal Government , 
%mm repre^entetf'aboutone of every ten scientists 
and engineers in 197£ Over the J964-74 
f period/- \empIoyment of scientist* and' 
engineers in *the Federal Government in- 
> creased By almost 12 percent * while the, 
;• * v employment of^scientis'ts and engineers.. 
^ throughout the economy rose by almost 25 
percent. ^ 

' ** \ -- - ' 
o In 1975, approximately 531,000 scientists 
and engineers {on' a full- time-equivalent* 
c basis) were, engaged in R&P, 9,000- more 

* than the number in 19J3, bdlTalmo&t ,28,000. 
, fewer than the peak employment Jevel 
r reached in 1969. *• ■ * 

OL About one-third of all scientists ini 
engineers were engaged in R&D activities in 
„ 1^74. Of these, 68 percent w^re employed in 
Industry, 13 percent in univefsRies, and 12, 
percent in the Federal Government- * ^ ^ 



The number oF R&D $cientiste and 
engineers in industry increaseid^each yetr* 
from 1972 through* 1975^ when the *otal 
reached almosjt 360,000. However, the fulf- 
time-equivalent number in 1975 was- kil^ 
nearly 7 percent less than th£ peak < 
ment reached in 1969, a decide jvh&h ^ 

■ occurred primarily in tlje aircraft ahd;.\ 
missile^, and the €lecj^calre^uipmerit com- 
munication mdustriesl < r • ^-V 

Academic K&D. was conducted 1^ 72,400 *. 
fulj-time^equiyalent " scientists and _ 
engineers in' 1974, most of ''which wa^* 
research, Vith very littfe ^ emphasis on A 
development Of all the clotfpraf facyfe^ ^ 
involved in R&D, the proporHorf of young 
science _ and ^gngineering Investigators 
decreased feom^44>percent in 1968 to 30 ^ 
, percent in 1974- / / -> ^ y - - 

* * -_.» 
Jn 1925,' about S4 pekeiit of £\ full-time 
stience and engineering doctorate ^faculty " 
were spending at least 20 percent of their - 
time in research. *■ - 

" * * j 

The ntimlber of scientists and engineers with 
doctorate degrees reached almost 2801000m . 
;197S, up about 33;00O {13 percent) from 
1973. During^his 2-year period, tb elfeltitive 
indredseiri the nufnbefbf Y?omefi doctorate- 
holders in science and,epgine;ering gxceeded-^ ^ 
that of men. . . ^/ * % ^**^< 

In 1975, educational-institutions* provided 
,the largest ^durce of employment -for 
dotiofal^sdeTitists and engineers, account- 
ing' for "about" SfiTpercent of the nuniber " 
. employed, abotrt the sameproportion as ifi 
19^3. Abour^25 percent of th<T doctoral m J 

■ scientists and engfneerswejre, employed in 
: ibusmess aijd industry in 1975. " ^ ' ' 

In 1975; 43 percent of thoemplqyeddoctorai 
scientists and engineers rejxjrted the perf orr 
mance 6r management of R&D as their 
primary work activjty, almost- unchanged - 
since 1973. - 
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. o> TliBpm^rtioitjpf young doctoral faculty in 
doctoral Jevel/science and engineering 
departments declined -from '43 percent in 
' 1965 to^7 percent in over 70 percent 
of doctoral faculty in ill fields had tenure in 
-\ 1974. , f V % " . 

d Women made up 6. percent of <#! persons 
employed in '.science ^and engineering, oc- 
VupaSorag in 1974, although 9 percent of the 
iptat number (employed and unemployed) 
. were w qmen and about 50 percent of aU 
-'.rr jprofessionSW hd technical workers were 
* women^Those employed were more'higKly 
represented among psychologists, computer 
scientists, and mathematicians than other 
fields- e Jn the academic -sector, women 
1 Represented 15 percent of all scientists and 
engineers employed full-time in 1974. 

About A percent ^of all scientists, and 
engineers ia 1974 were members of racial 
' minority jgroups. Asians accounted for 1.8 
percent, Blacks about %S percent, ind other 
> minority groups the^remaindef . 

Between 19Z2fand 1975, the proportion of 
NaHqnal Merit Scholars choosing science as 
a ma|OTdecIined from 61 to 54 {ftrcent, while 
t over the sameperiod the proportion of those 
planning to major in engineering increased 
from; 9 to 17 percent , * 



"in 1975, the annual awards of bacheldr sand + 
first-professional degrees Wall fields com- 
bined, and specifically in the sciences and 
m tngineenng, declined for the first time since 
* 1955. However, as a fraction of. these 
degrees awarded in all fields, those in science 
and engineering have remained' essentially 
constant at nearly 30 percent since 1960.- 
This nearly stable share is the result of a 
rapid growth in the number of social science 
degrees, combined ^tfth^mu di mbxeJimited 
growth in physical^i^^sand^h^eering. 

Annual awards q{ master's level degrees in 
all fields continued* to ^crgase* ihrougn 
1975, but those in science aitqfjerigineering 
peaked in 1973. Science arid engineering 
accounted for 30* percent *of all '^master's 
degrees awarded in 1965; but only IS \ 
percent in 1975, with the greatest prqpor-* 
tibnal declines occurring in/engineering and 
the physical sciences, ; / ^ / . 

In the number pf doctoral degrees 
awarded in the sciences and engineering jtad 
dropped tothe 1970-71 level As a fraction of 
, all doctoral degrees, science and engineering 
. degrees declined from ^pejxentiftl96S to 
54 percent in i975, largely resulting from 
reduction in the physical sciences,! 



Scientific and engineering manpower *s of 
great importance because these people .ire one of* 
*the*key factors in the stat]k>*tnd progress of 
science and technology The person* v\ho makt 
up this manpower base conduct ba>*c rest aft h to 
ad\a*ntc\ the understanding of nature, ptrform 
applied research and development ma vantiv of 
areas such at* health, 4*f (JflM *Jnd tmr^, and 
instruct and tram the Nation'** future -tiunttst-* 
and engineers. 

Thus, science and engineering manpower is a 
necessary component of a society as advanced 
technologically as the United States Scientists 
and engineers a re essential to the operation of a 
'high .technology economy At least as important, 
however, are.the scientific "advances made by 
scientists aYfd , engineers v*hich\ permit tht 
Nation to remain at the forefront 1 of inter- 
national technological development 




T^k* information about the Nation s scientists A 
and "Engineers- that this chapter presej^pcis 
incomplete Measu&'s of the quality 
fsuJrk, *tne s5 vxtent tn their under-utih/«$ 
and the increasingly important concerns of 
productivity'and output are not available. Also, 
httlc'fs known about motiv atjonal factors whuh 
lead students *o enter sue/ice and engineering, 
or which influence those already in thdse fields 
to move from one type of employment to* 
another T,he^>resent lack of such indicators, it is 
hopecf. will ^remedied in the future as the need 
frtr sue hi information more widely retogni/ed 
arid iHe'a (5 propria te studies are initiated 

Information ' on the specific activities of 
scientists and engineer^, especially those in the 
. academic seitor. is limited hy , the current 
difficulty of obtamingALita, by field ^on major 
activities with joint outcmn^suth as R&.D and 
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teaching. 1 , However, the irtunber of scientists 
and engineers^pximarily involved'' in an activity 
** . _ p^WdesauseMbutrelativelycrudemeasureof 
. this^rtor. ' . t . 

; ~ CHARACTERISTICS AKD 

UTILIZATION OF SCIENCE 
AND ENGINEERING 
* : PERSONNEL 

c- - '-' - ■ *~ . 

Employment^ scientist? and engineers 

In thg past (waiter century, the levels of 
scientist and en^Sgeer employment haye gone 
^ through sLnumbertff phases. For the most part, 
these shifts iiaVe hot corresponded to total 
national economic activity/ but to changes ip 
^ only a fe>v sectors of the economy. / 

^^Three distinct periods of scientist and 
engineer employment characterize* the interval 
between 1950>andl§74. The firstextended from 
" * 1?50 to 196&lnr these years there was a rapid 
— .- growth of jobs ior natural scientists, and 
especially for engmeg rgjrj r esponse to increases 
in - defense-related aHKes and the space 
program* Over this employment of 

--. scientists and engineers^rew more rapidly than 
m overall economic activity as measured by the 

* .Gross National "Product and total nonfarm 
* employment (Figure* 5-1). The 196CS saw a 

relatively rapid increase in the employment of 
scientists as college enrollments and research 
programs increased. In the 1963-70 period, 
, engineering employment changed more slowly 
The rate -of growth in the number of jobs in 
science and" engineering was less than the 
growth in total nonfarm employment and 
overall economic activity* The comparatively 
slow growth in engineering employment 
reflected a number of factors, including cutbacks 
in defense programs andxeduced space explora- 
tion activities- * f 

* From 1970 to 1974, employment of scientists 
*x tSfc engineers increase? at a slower rate than 

^*\-overalr economic activity, reflecting slow growth 
" "io? reductions) -in college * fnrollment, R&D 
< fc expenditures, ancl defense activities — especially 

* in aircraft and related products. Employment of 
scientists dnd engine^ers combined increased at 



an average annual rate/6f 0.7 percent in the 
period (0.3 percent fop^ngineers and I A L percent 
for scientists). This overall rate, however, 
concealed a decline of 20,000 in engineering 
employment between 1970 and ^972. 2 \ 

The full-time-equivalent number of scientists 
and engineers performing R&D is an important 
indicator of the level of scientific activity, along 
with the extent of R&D funding,Relative trends 
of employment in the various economic sectors , 
and industries which employ these w^kers 
reveal the extend of R&jj activity in these 
sectors and imms tries, and provides some 
insight into changes in the thrust of^R&D . 
activities. * 

In ihe 1950% and . 1950% about half x>£ the 
Nation's R&D expenditures were financed by . 
defense and space research programs, and 
changes in total R&D expenditures reflected tfre 
fluctuations in these pypgrains. By 1976, how- 
ever, defense and space R&D represented only 
little more than one-third of total R&D expen- 
ditures, down from tw-fifths in 1972 * As the 
proportion of R&D expendituresfor defense^and 
space has declined, the shares accounted for by 
such areas as health, the environment, and 
energy resources have increased. ■ ' - 

Associated i^ith these pa ttems and changes of 
R&D financing were factors relating to the 
changing industrial and occupational distribu- 
tion 6f scientists and engineers since 1950. Two 
.industry groups make, -up the bulk of 
clef ense/space-related R&D and production: the 
aircraft and missiles firms and the electrical and - 
communications, equipment manufacturers.. In 
the* early^ 1950%, before jthe space . program 
began, scientists and engineers iruthe%e two , 
def ense/spaca. industry groups accounted for 
about 12 percent of the total number of 9 
scientists and *en§ineer$* Near the p^ak of the 
sp^ce program in 196S+ and at a time di high ■ 
defepse_ spending, these Xfto industry groups 
employed 21 percent of scientists and engineers. 
By comparison they employed 5 percent of all 
private sector nonagricultural employees in 
1950 and 7 -percent in 1968. In 1974, these 



i7ht NSF if testing the feasibility of collecting this 
information from personnel records at higher education 
nuHtuBons> , 



3 Science and engineering employment data are from the s 
Bureatrof La bor SU tistkarPepartment of Labor, Empbymtsi 
pfSdadisb a*TESpiamrt95+i970, 1973 (Bulletin 1751) and 
unpublished estimates of the B.LS, for 1974* Other 
indicators are from &onmk Report ef Ihe Prestftnf, Cental tf- 
Ec&nomk Advisers, 1976, pp< 172, 202, and ^03, 

*Nalbnal Patterns af R&D Respurm^9Shl$7^ National 
Sdence Foundation (NSE 76-310), p. 32* 
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AmmI ptfCMt chtnfts in scioncs sod ingiBQoriflg MpioyiiiMCl 
ooMMred to bttttf •conbaic jnd flttaooww variabtet 1950*74 




1950-74 
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industries employed only 17 percent of -all 
scientists and -engineers and 6 percent of all 
private ^onagricultural employees. 4 

The occupational composition within* the 
scientific and engineering community has also 
been influenced by the activities generated by 
the Federal Government and its defense/space 
priorities* From the early fifties to the mid- 
sixties,, as shown in Table 5-2, engineer 
represented more than 70 percent of the 



*EMpi*ymntl *f. SdaUisis end btpntm, 1950*1970* 1973 
(Bulletin 17il); Empbymtnt mU Eemmp. ILS^ 1909 72. 1975 
(Bulletin 1312-9>, and Enpbymtnt tmA Ur*i*p, March 1975. 
•AD of these reports were prepared by the Bureau of Labor 
Statistic*, Department of Labor. 



combined science and engineering work force. 5 
By 1974 their share 'had fallen slightly to 68 
percent, while the share of physical scientists? 
remained between 15 an4 16 percent through 
the entire period, and life scientists' share grew 
from $ percent to 12 percent over these 24 years*. 4 
These changes, occurred as defend/space- 
related research declined in. its relative impor- 
tance and as other programs, suclj as health and 
environmental research, emerged. The "mix" 
between the scientist ancf engineer workforce, 
however, has shown little change since 1970. * 



. * Data for* the period 1950-70 are from Empbyment 4 • 
Saatob *ni EMpnttn, 1950*70, Bureau of Labor Stalls fit*. 
Department of Labor, p. 11. The 1974 number* are^ 
'unpublished estimates from the Bureau of Labor Statislks. 



In the fifties *md sixties the year-to-year 
growth in defense [and space program expen- 
ditures .had considerable impact upon the 
utilization of scientists and engineers, especially 
those performing R&p. In the seventies, 
however, changes in defense and space funding 
have Ijad less effect on scientist and engineer 
, employment. Industries, have become less 
_ dependent upon defense/space financing, more 
self-suffidep t, \ and more involved in other 
• programs. 6 . 

~* ** * 

• In 1974 an estimated* million natural 
^dentists and engineers were employed* 
I fHroughout . the economy/ representing an 
increase of about 50/000 over the 1972 employ- 
ment level 4itd a&put 37,000 more than the 
previous pei^ employment level of 1970/J 
addition, an Mimattd 160,000 socialsa^nBsts 
and psychologists ware employed in ^974. 

Industrial employment of scientist* 
and i ~ 




_ , one million scientists and engineers 

were employed in the industrial sector in 1975/ 
. corftinuing industry's role as the largest 
employer of scientists and engineers. 7 Employ- 
ment, however/ fias^fluctuated over the 1970-7 5 
period.* Layoffs of scientific and technical 



7f R&D Rtswntt, National 
*tkm(NSF 76-310)/ pp. 11 and3Z. v - 
Sdcnl&s- **l Ixpmm. 1974. National Science 

ttion (NSF 76-329), g. 2$, 

* National Sctence Fourwatiort unpublished data. 
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personnel in industry in 1971-72 were followed 
by increases in employment of these workers, 
reflecting th£ general upturn of the economy 
which began in late 1973 and early 1974. 

Engineers significantly outnumbered scien- 
tists in the industrial sector, accounting for 
almost 75 percent of the total employment of 
scientists and engineers in that sector in 1975. 
Physical scientists {including environmental 
scientists) accounted for 9 percent of the total m 
apd computer scientists, 12 percent. 

^Almost 30 percent of the ihdus trial scientists 
and engineers had R&D and its management as 
their primary activity In -1974<see Table 5-3), 
There were somedifterences^ however/ between 
the primary activity patterns of scientists and of 
engineers* A greater proportion of industrial 
scientists was primarily engaged inR&D and the 
management of R&D than was the case for* 
engineers (37 percent compared with 26 per- 
cent)* For engineers, die ne5l most common 
activity was management of non-R&D activities, 
while for scientists it was the area of computer* 
applications. 

Only 23 percent of all scientists and engineer^ 
in industry received Federal Government sup- 
port in 1974/ compared fo^frpercent in 1972* 
Thir decrease was evident in most fields. 
Relative. levels of support however, varied 
.widely among the different fields* In 1974* V> ' 



• The data 1 in this paragraph refer to the 1974 status of 
those who were considered scientists and engineers in the 
1970 Federal Census. * 
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percent of the engineers and 22 percent of the 
mathematical scientists received Federal sup- 
port; the same was true for only 1Q percent of 
the physical scientists and approximately 5 
percent of the life and environmental scientists 
in business and industry. Most life and environ- 
mental scientists who receive Federal support 
are employed by universities and Government, 
rather than by industry. 10 

Academic employment of scientists 
and engineers 

Between 1975 and 1976, employment of 
scientists and engineers in universities and 
colleges increased 5,500, or 3 percent, reaching 
289,00&M Approximately 58 percent of the rise . 
was in the employment of social scientists? and 
psychologists. However, these two fields 
together represented only 26 percent of all 
scientists and engineers employed in universities 
and colleges in 1976- v 

The approximately 289,000 full- time and part- 
time scientists ancf engineers in 1976 represent a 
62 percent-expansion over the almost 179,000 
employed&tl965* Most of lie growth occurred 
between 1965 and 1971, with ircreas£s in all 
scientific disciplines. The average annual rate of 
growth in academic employment of scientists 
andjengpneers between 1971 and 3976 was only 
23 percent? compared with 63 percent during 
1965 through 1971. The greatest growth 



w Qaratfmsto 4 the N*l**d Sam^U 4 Sutnhsts *»d L^iwtj, 
1974, Btif 2. Emfbymnl. National Science Foundation (NSF 
76-3231 pp- 115 and 122. 

n Menpctotr K»**rr« for Satntrfx Achntitt d U+ivcrulvi &mJ 
Celbp** k***rj 1976, Detailed Statistical Tables, National 
Science Foundation {NSF 76-321), p. 1. , 



occurred in the employment of life scientists and 
social scientists, which together accounted for 
approximately 54 perceht of the overall increase 
between 1965 and 1976 (Figure 5-4). 

The attainment of the doctoral degree in the 
sciences- and engineering: became increasingly 
important' for employment at colleges -and 
universities during theearly 1970's, as employ* 
mfcntopportUnities slaStenad in this sector* The 
* number of _ scientists and engineers with 
academic* or health profession doctorates in- 
creased about 17*perpent between 1971 and 
1 1976, compared with only a 5perc£nt increase in 
the employment of personsjwith less; than the 
doctorate (Figure 5-5)- By ll^t 6&percenfcof all 
academic scientists and engineers ha^h doctoral 
degrees, about the' same proportion as during * 

1973 to 1975, but up from oOjpercentin 1965. 
♦ - 
Among academic scientists and engineers^ a 
relatively greater proportion of the total has 
been primarily involved in jfeaching, with a 
correspondingly smadler fraction primarily 
working mTX&D ^O^ppendixT^Tefei), In 1976, 
IS percent .were primarily engaged in R&D, 
compared with 22 percent in 1965. "the 'rapid 
growth of 2-yeaf academic institutions, where 
# teaching is thejrimary activity of almosjEtell the 
facultyxis responsible for part of this shift* 
Other aWemicinsti^zftions, inducing thelajge 
researchS miyersitS eC also experienced a move- 
ment toward more teaching by scientists and 
engineers. Four-year institutions reported an 
average annual percentage rise of 5.6 percentin 
the number of scientists and engineers working 
primarily as teachers over the 1965-76 period, 
with only a 2.2 percent average annual growth of 
those working primarily inR&Dj(Figure 5-6). In 
1976,77 percent of all scientists and engineers in 
universities and colleges wer$tprimarilyengaged 




in teaching, as in'l975lbut up from 68 percent in 
1965. 

The number of acaafejnic scientists and 
engineers working primarily in R&D lias been 
growing while Federal R&D support io univer- 
sities and colleges Has beeij declining- Academic 
expenditures for R&D from all 'sources declined* 
•6 percent from 1968 to t975 in 4 constant 
dollars." The financial status of academic R&D 
might have been worse except for substantial 
increases in R&D Support by the institutions 
thfcmselves^nd by State and local governments. 




u Erpr*dtittra for Sckxiifx Ad raises 4 Umm&k* ad Cs$kps. 
hsad Ye*r 1976* National Science Foundation (N5F 76-316), 
based on p. 3, 



The age distribution of all faculty scientists 
^and engineers is not fcnpwn, but data do exist for 
doctoral faculty at 4-year colleges and univer- 
sities. Science and engineering -fields vary 
considerably with respect to agedistri6ution{$ee 
* Table 5-7), hi 1975+ for ©cample, academic 
mathematical scientists and computer specialists 
- Had median ages of 38.6 and3&9 years rgspec- 
tiv^ly^coaaiired to 4L3 for all doctoral science 
faculty and in contrast to 44.9 
scientists. 

Another ~ indicator of these intex^field 
differences in age is included in Table 5-7: the 
proportion yvhich is under 40 years of age. By 
this measure, agricultural science faculty are by 
far die oldest group/with only 34 percent under 
40 compared to an^average for all fields of 46 
• percent, and the relatively high percentages 
below 40 years of age for mathematical scientists 
and computer specialists of 57 and 55 percent, 
respectively, v — / " - * " 

t- - - < - 

No appreciable change is seen from 1973 to 
1975 in the median ages or the proportij^undsx 
40 of doctoral sdenc^andexigineerin^ flRultv as 
a? whole, but certain fields are characterized by 
considerable 'shifts^ Of particular note arejthe 
declines for doctoral chemists, engineers, and 
physicists in the proportiort under 40 years of 
age, representing average age increases of from 
■ 1*0 to 1.6 years in just a 2-year period* Computer 
specialists, who make up th^fmallest field 
studied, were, on the average, yoitngSr in 1975 
than in 1973. * ' - ' . 

Another indicator of change in faculty charac- 
teristics is the proportion of full-time faculty at 
Ml colleges and universities with tenure. Figure 
5A presentsjhe 1974 distribution of tenured 
faculty in a simple of ^doctoral level sdehce and 
engineering departments for 15 fields. Overall, 
70 percent of these faculty had tenure uT1974, 
with the proporti ons ringing.froin 81 percent in 
qjiemical engineering to 59 percent * in 
physiology* 



Federal Government employment of 
scientists and engineers 

•* . . 

The 160,000 sdentists and engineers 
employed by the Federal "Government 
represented about one of every ten sdentists and 
engineers in 1974* Over the 1964-^4 period, 
Federal employment of these workers has 
changed little in total, increasing by 17,000 or 
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only 12 percent in 10 years. In contrast, the 
employment of scientists and engineers 
throughout the economy rose by' almost 25 
percent during this period. 

The distribution of scientists and engineers, in 
0 the Federa^ Government by fttajor employing 



agency and field of science for 1964 and 1974 is 
shown In the tables 5-9 and 5-10* These data 
show that there has beep little change in the 
reUtfvK^hare of employment by agency and 
little shift in the relative proportions employed" 
in the,sdentific fields, * 
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Employment of scientists and engineers 
in nonprofit institutions 

. . About lto*2 percept of the Nation's scientists 
and engineers are employed'TAthe approximate- * 
ly 'SQO nonprofit institutions." that allocated at 
least $100,000 each to intramural R&D pro^ 
grams in 1973. By 1973, employment of scien- 
tists and engineers in this sector had; reached * 
approximately 2^300, an increase of some 20 
percent since 1965M ' - : -* 

Irfcontrasfcto trends reported for the academic 
sector** virtually all of the increase in science and 
engineering personnel in these independent 
nonprofit institutions was attributable to the 90 
percent Who worked primarily in research and 
development . • \ " 



lnda£ngie»earchimtitatesjx>fp^^ 
ly Funded Research and Development Centers administered 
vy nonprofit institutions. 

"R&D Mzabes 4 hUeptmiaU NompnfZ Us&*l'»m*. 1973. ^ 
National Science Fcwndation^{NSF/75-303) # p. & 



research And 
development personnel 

Ail R&D scientists and engineers 

Approximately ^ 531,000 scientists and 
engineers were -engaged in R&D activities on a 
full-time-equivalent (FTE) basis 15 in 1975, 3,000 
pore than in 197£, and 9,000 more than the 
number empIoyedSn 1973. Approximately one- 
third of all PTE scientists and engineers ire 
engaged in R&D activities, 16 ^ 

Increased employment of scientists and 
engineers in R&D^in both 1974 and 1975 may 
signal the reversal «of die downturn in employ- 
* menY which started m 1969. Between 1954 and 
1969, - employment of R&D scientists and 
^ engineers increased at an average annual rate of 
*5.9 percent, more^han three times faster than 
the growth in |otal employment. Since 1969, 
total* civilian employment has continued to 
increase, but the long-term growth trend for 
R&D sdentists-and engineers was ended as both 
the number of B&D scientists and engineers and 
R&D expenditures (in constant 1972 dollarsK 
declined. Between*1969 and 1973, the employ- 



is FuB-iime-equiYalen* data cdmbine the number of full- 
time employees with tBe ntnfifeef of part-t&ne emffoyees 
expressed as their equivalent in full-feme employees. 

"NMivml Patitrn* 4 &&D Raatna, m* i9?t>* National 
Sdenc* Foundation (NSF 76410), p- 3£ 



ment of R&D scientists and engineers declined 
. 1^ ^proximately 37,000. As a result, the 1975 
empfoyment level was almost 28^000 lower than 
the peak employment level reached in 1969* 

R&D in industry 

The number of R&D sdentists and engineers 
in industry in 1975—358,000 FIE— has in- 
creased only slightly since 1973- Employment of 
these scientists and engineers peaked in 1969 at 
387,000, declined through 1972, and~showed a 
small upturn in 1973., However, 1^75 saw 8 
percent fetter compared to 1969. In 1975, 
approximately two~tnirds_qf all R&D sdentists 
and engineers were fit industry^ ^ 

About 30 percent of industrial R&© sdeAtists 
and engineers were supported by Federal funds 
in January 1975 (Figure 5-11). This is a signifi- 
cant decrease from the 44 percent Federal share 
in 1967. The relative decrease in federally 
supported R&Dsaentists and engineersfemost 
evident in the electrical equipment and com- 
municatibns, the aircraft and missiles, and the 
motor vehide Industries: About 3 of every 4 of 
the federally supported R&D sdenKstj^nd 
engineers in industry are employed fin the 



These and other *%ptct* of industrial R&D arc tovered 
more ruBy m the duplet on Industrial R&D and Innova- " 
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electrical equipment and communications and 
- "the aircraft and missiles industries. 



KJcD in the academic sector 

In 1976, universiti es an d colleges employed" 
approximately 7^<Hi;jFTE;R&D scientists ahd 
engineers, including' graduate ^students 
employed as scientists and engineers. This 
represents almost 3Q percent of ihcftr total FTE 
, scientists and engineers. The f8,9p0 graduate 
students Working -as R&P scientists and 
engineers represented an estimated 26 percent 
of the total university and college R&Djwork 
force. 



M^ny R&D scientists and engineersJn univer- 
sities and colleges have teaching as a primary 
woifc activity a^d R&D as a secondary activity. 
Ov£r 60 percenrof the^dehce and engineering 
doctorates employed by universities and colleges 
vrere engaged in R&D as a priinary or * 
secondary activity, according to a 1973f urVey, la 

* In $975, about 64 percent of the fullitime 
science and engineering doctorate facility in a 
large sample of doctorate-granting departments 
spentf at least 20 percent of thetf time, in 
research, while 38 percent sj>ent50 percent or 
more of their time in research, figure 5-12 



1$ National Scipncejoundation, unpublished diU* % 
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Proportion of time jpentln research by full-time doctoratefacu% in 
selected science and engineering fields at a sample of Institutions, 1975 
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shows faculty research involvement in selected 
fields. 19 For the fields ani institutions included, 
in the sample* faculty in biochemistry had the 
highest Lxate *of pardcipationat both the 20 
percent level and tKe 50 percent level of research 
involvement 2 * 

Academic scientists and engineers engaged in 
R&D are primarily involved in research rather 
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** It i* difficult to measure with pre&j&^L the percent of a 
faculty scientist's time or effort which^cap be assigned to 
research because of ihe inseparaMity of research and 
teaching, particularly at ftesr^uatelercl^eseallocationf 
were'madebydetttrtmentch^ t, v . * . I 

» Frank J. i\telsek an£ Irene TL Gjmberg, Family tertxh: 
IrxltfAairityttU CfotctofArta (Washington, D.C American 
Council on Education, 1974 p. 12. j 
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than development In 1*76/ 96 percent* t>f 
academic R&D funding was expended for 
research Activities (basic? and applied), wthbnly 
4 percent reported for development activities 21 

In 3II science aijd engineering fields of a recent b 
'study; the proportion of young, cloctoiral R&D 
scientists and engineers has dropped significant • 
ly (Figure 5-13), The greatest shift from 1968*to 
. 1974 occurred M, *lectricat*engUieerihg^aii4 . 
physics, whllg th£ least changed fields were 
sotidbgy, psychology, ahd biology/, In 
physics and biochemistry had the lowest ra^of 



\ Ndmtt Pstinn* ef R&D Rtunrus, 195*1*76. National 
Scttncc Foundation (NSF 76-310), derived from pp. 4*5. 
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Young* doctoral faculty krvetfjators * as a 

pen^of^I&ctoral^ 

in a sample of doctoratt-jranting institutions 

fays8^ct»tfjf6kf^1968aiKfJ974 y . 
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young R&D scientists* while psychology and 
sociology were the fields with.thj* highest 
proportion of .young scientists. * - 

Almost 40 percent of th^full-time doctorate 
faculty investigators had no external separately 
budgeted research suppQjrt Jft 197S (see Table 5- 
14). Among the 62 percent of the investigators 
who had such support, some 9 percent received 
external support prim^rily^ for research in an 
area different from their preferred area. Mining 
and jnineral engineering faculty received the 
'highest percentage, of external support 
Sociologists received a relatively low level* of 
external support 4£Lpercen t and 17 percent of 



those^cceptedsupportinanai^dfffere^L^om . 
their preferred area pf research, 

^ For thesis selected fields listed in TM*$%f/ 
more thandne^half of the faculty investigators 
were dtririg research directly connected vMth 
Federal grants and contracts. In 1968, however, 
hytf-thirds of faculty investigators were 
yolved in Federal pjpjects. Large differences, 
however, exist among^the several sdfentific, 
fields For example^mofe than three-fourths of J 
the faculty investigators in biocjj^mistry, but 
only one-fourth of those in sociology, wejg 
doing research connected with federally sup- 
ported projects in 1974. . * 
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ORALSCIENTISTS 

r ":\.^NtfEiaciNEERSr^: 

' U Rewurces devoted, to the education apd 
^^irang of doctoral scientists and engineers are 
significant in both monetary terms and in the 
"amount of time involved* Mpfe importantly, 
- scientists and engineers holding doctoral 
degrfcps ar^ the ijnost highly tfained of our 
^ati^s^soentific^and engmeeririg personnel 
Thiis, they provide a large part of the leadership 
: 41 tteldittre sdentjficjand technical effort. For 
^these reas&i&t the^utmzation and characteristics 
"otthis group requfce careful ntonitoring. 

* Itis estima|^ thatiKl975^ere were 278,000 
. doctoral sriemfctfs and engineers in die United 
States, ah increase of 36,000 &r 13 percent over 
the number* reported in 1973& "During this 2- 
ear period/ the relative increase in the number 
omen doctorate holders in science and 
feenng exceeded that of mep, Thus^ while 
the njimber <5f men increased by 12 percent, the 
ease by women wa^. almost twice as large (23 
l>erd£nt). The proportion of women in the 
te level science and engineering popula- 
terfeom 8.7 percent in 1973 to 9 A percent 

jfe'pKysical and life sciences accounted for 
alttjpst halfbf the ,1975 population of doctoral 
seknttsts and engineers, as shown in Table 5-16. 
Trere were no significant changes from 1973 to 






Sectors of doctoral employment ' 0 

* -*■**"" - \ 
The pattern of employment of doctoral 
scientists and engineers in 1975 is shown in 1 

„ Figure 5-17, Doctoral scientists were 
predominantly employed by educational in- M , 
stitutions (63 pfercent); within this group 61 f 
percent were employed by 4-year colleges and 
universes- and 2 percent by 2-year colIeges 7 
During the period 1966-75, there was a change 
in the proportions of dcfctqral scientists 
employed by business ; and by educational 
. institutions, the former declining and tike latter . 

, increasing. However, in view of enrollment 

* trends and financial problems of institutions of 
higher education, this- shift is not expected to ~\ 
cpntinue. Efoctoral* engineers exhibital a 
different pattern of erifJUoyment from scientist^ 
over half of them were employed in ;ffie 

f industriafsector in 1975. - v 

t The overall proportion of young 2 * 
faculty m a selection of doctorate 
science and engineering departments ( 
substantially from 1568 to 1975, dropping from . 
* 43 percent to 27 percent of the total doctoral 
faculty. 25 For the nejds shown in Table 5-18, the 
total number of full-time faculty increased bj? 10 
percent from 1968 tb 1975. However, theyoung 
doctorate faculty proportion declined in all seven 
fields while even the absolute riufnbers of young 
doctorate faculty decreased 'in all fields except 
biolpgy. . - r ■" - - / 

Age ^distributions among doctoral scientists 
id engineers, however, do not dif feTgreatly by " \ 
Spfoyment sector^iFigure 5-19), although- 
doctoral scientists andengine ers Working for the * 
Go^jfcment had a slightly high^xnedian age/-/ 
thanlnese other two groups, apparently causetftt * 
by a lessening of the proportion ufider 40. 

The relatively small proportion of employed . t . . 
doctorates under the age of 30 can be accounted 
for in part by the time required to attain a 
doctorate. In recent years, the median time lapse 
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* 22 OumultT&ks of Dociml ScunlitU and Eitpneers iCjke timid 
fates. 191$. National Sdence.foundaHon (NSF 7AJ09), p. 
viiL > ' k * 

IhL For further information on this topic, see the 
subsequent section in4his chapier^entkjed 'Women $nd < 
Minorities in Science and EngineerirV" * 

& Those who had held a doctorate degree for 7 years or 
less at the Hme of *ach study* : " 

25 Frank J. Atel*ek and Irene Gomberg, Young thciorRle 
fondly m StltilcA Scirnu and E*ginmui& Dtpttimtnls, 197$tilf0, 
(Washington, D,C American Council on Education/1976}, 
p.U. ; . % W . " > 
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age and type of *opfoyer, 1975 
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between the baccalaureate and thedoctoratehas 
been 7 years- 26 * v; 



Primary work activities bf doctoral 
scientists and engineers 

The activities in which employed doctoral 
scientists and engineers were primarily involved 
are. indicated in Figure 5-20. The data do not 
show the time allocated among the several 
activities 'of doctoral scientists and engineers, 



5-20 ^ . " 

Distribution pt wnptoywl doctoral scientists 
and ^neers by primary work 
actmty,*l373attl1S75 



Research and dodopas^ 




Dxicrdt Rttipiexb'frm US, IWtw/jo. Smrtnusry Rtpfirt. 
National Academy of Sciences, annual series. 
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but rather the activity they 'reported as oc- 
cupying the largest portion of their ' time- 
Teaching and R&D ^represent the primary wo^Jc^ 

- activjties.of doctoral scientists, the majority of * 
whom are epy>Joy ed in universities ancf colleges, 
while doctoral engineers \vere working 

t Predominantly in R&D i anfijnanagemenL J 

*Qf the 32 percent dflthe doctoral scientists 
primarily engaged in R&D in 1975 (figureS-21), 
55 percent were working in basic research, 37 
'percent were involved in applied research, and 
only the small balance iiy developmeAt and 
design* The number of doctoral scientists 
primarily engaged in R&D management ac- 
tivities, however, has readied the equivalent of 
over one-half of the total number primarily 
involved in basic research {21,20#%nd 37,5^0, 
respectively); . V \ 

16 contrast; of the 39 percent of the doctoral 
engineers who were primarily engaged in R&J/ 
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in 2975, less than 10 percent were working in 
bask research, 49 percent in applied [research, < 
and 41 percent in development. Almost five * 
times as many doctotal engineers were primarily 
involved in the management of R&D than in 
basic research, 

* Doctoral scientists and engineers in R&l/ 1 , 

, Approximately 113,800 ctf the science anc^ 
engineering doctorates in the 1975 U.S. labor 
> force cited R&D or R&D management as their 
primary work * activity, tip 1& percent since 
1973 A' While some one-third of all scientists and 
engineers in the labor force were engaged in 



37 Qma&tvti&if Dafrrd SdashO$ **& EMpntm tn tke UxUei 
Shits, 1975, Nitionil Sdtoce FoundationJS^SF 77-309). p 6 
and vnpvbfobed dataL 



performing R&D, the proportion of those with 
doctorates who wefce primarily involved in all 
R&D-related work was 43 percent 

-The 1975 distribution of these sc?emtists and 
engineers by fidd of science and work activity is 
shown in Kgurr5r2& Engineers represent the 
major portion of those with devdopment as a ^ 
primary work activity, while physical arid 115 
sdence"doctorates constitute *the major portfon 
of those involved in research. Over •one-four;^ 
of R£D doctorates spend the major part oflheir 
time in R&D administration. 

1 " 9 - ' ' , ; " '-' i 
In 1975 distribution of R&E> doctorates by 
type of employer is shown in Figure 5-23. In ^ 
contrast to uiepattefn for allR&D scientists and * 
engine^/ the doctorates w*re about Equally 
concentrated in industry aqd educational /in- 
stitutions/ for all fields combined. Information, 
on their distribution by type of employer for 
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major science fields is presented in Figure 5-24. . 
Physical science, engineering, and computer 
specialist R&D doctorate personnel were most 
heavily concentrated in Industry* while doctoral 
life sdentisjts* mathematical scientists, and social 
scientists 'were located predominantly in 
educational institutions, 

*Th§)proportion of doctcrate-holders involved 
primarily in R&D varies considerably from one 
sector to another* Almost three-quarters of the 
doctorates employed in industry were engaged 
primarily in R&D or R&D management in 1975, 
while the _R&D involvement of doctorates 
employed in government was slightly higher* In 
academic institutions* where teaching is the 

. chief activity/ slightly, more than one-fourth of 
the doctorates were Working primarily in 

-#&D« , * 



Field mobility of doctoral scientists ^ 
and engineers 

Not all doctoral scientists and engineers 
•remain employed in the field in which they 
received their doctorate. 2 * In 1*975, one put of 
every six employed doctoral scientists and 
, engineers* was employed in a field different from 
his doctoral field.* 0 This is an important con- 
sideration in estimating and interpreting supply 
and utilization data. " * , 

Held mobility or changing varies considerably 
among disciplines. The fields of the life sciences, 

*» Worfeng in another fidi however, does not mean that 
the original -training if unrelated, eg., the nwkar phyttdsl 
who is employed in nudcar engineering- So«ne 15-25 pertefit 
o* thou? who have *wjtchcd broad freJd* are whrnated to be 
working in Bdd* for which they had received relevant 
training, * 

» D*$erd SckaHte *mI Emfputn in tit IMd Skfef, 197$ 
Pr*£k Na Uonal Acadeioy of Science*, 1 976, p. 9. ** 
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mathematics, and psychology experience the 
\ higtest retention rates, with approximately 90 
' percent of the employed doctorate recipients in 
these fields still employed in the field of their 
doctorate. Physics and chemistry havfc t^e • 
lowest retention rates for employed doctoral 

, scientists, approximately 70 percent. 

* ------ ^ _ 

The largest number of doctoralphysicis ts who 
switched fields were employed in engineering, 
while the largest number of doctoral chemists 
who had changed fields were employeiin the 
* biosciences or only slightly less often in physics. 
However, relatively few doctoral engineers and 
life scientists have switched to physics land 
chemistry. 

The proportion of doctoral scientists^ aM ' 
engineers employed in nonscience occupations 
in 1975 varies froin about 11 percent of those_ 
trained in the social sdences to about 2 percent 
of those trained inthe life sciences. * 

Salary levels, availability of employment, and 
the desire for additional responsibility are only a . 
few of the manylactors that may influence an 
individual to leave the field of his doctorate to 
enter a different, often, unrelated, field of 
employment-Firm information, however, is not 
' available on why scientists switch fields. For 
example, the earth science fieldhas experienced 
the greatest proportional increase due to field 
switching. There are between four and five 
_ # times as^many doctoral sdej^ts who ^Jched 
irito the earth sdences as there are/srientists 
who were trained in the earth sciences and have 
switched to a different field. This net in- 
migration to the earth sdencesmay be the result 
of federally funded programs designed to study 
environmental problems. However, this cannot 
be substantiated since the^available data do not 
' indicate when the bulk of the field switching 
occurred, except that those receiving the doc- 
0 toral degreeirecenfly (1974) Jiave only a ^-to-1 
ratio of net in-migration, 

The fields of mathematics and psychology 
have also experienced a significant net growth 
over the years. There were more than twice as 
many nonmathematics . and nonpsychology 
docAora te recipientswho entered employment in 
these areas than mathematics and psychology* 
t doctorate recipients who left the£e fields. 
: ; Chemistry, physics, and the social sciences* on 
'the other hand, have lost substantial portions of 

their doctorate population. 

- t * 

* „ Field switching varies with tjie number of 
K years since an individual earned the doctorate In 
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general, the rtoje recent doctorate recipients 
show a lesser tendency to change fields, having 
had less time to consider other options or 
perhaps; haying narrower specializations. The 
1922 doctorate recipients in the earth sciences 
are an exception. An unusually large proportion 
of them wene employed irrpljysic£ engineering, 
ancHife science fields* 

Doctoral scientists and engineers employed in 
a Held other ifets* their doctorate fields generally 
earn, more than those remaining in their 
dpctorate field (Figure 5-25). Those who 
changed fields had median salaries about 5 1,500 
(9 percent) higher than those who did notSaiary 



differences varied with the number^of years 
• since the doctorate, the difference for the most 
recent .graduates (those receiving doctorates in 
"the 1970-72 period) was $600 compared to 
$1,400 for. those with doctorates earned before 
the late 1940*5. 

Those\ trained as mathematicians who left 
their do&oraf field showed the largest salary 
differences in 1973. Thus, those who had 
received a degree in mathematics- and were 
working In the same field had median salaries of 
$19,300. Those trained as mathematicians but 
working in another field had median Salaries of 
$24,200, a difference of almost $5,000. 
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« an4 were not seeking employment iDf thosenot 
in the labor force, over 40,000 were social 
scientists, andpver 15,000 werfe life scientists. 
By way of contrast, only about 12 percent of the 
male scientists and engineers were not in the 
labor force* in 1974, ami almost 30 percent of 
them were engineers, - ^ - 

Only about ♦ percent of the employed 
scientists aijd engin eers in 1974 were wpmea In 
*hat same year, however/ worsen represented 
almost 40 percent of total riviliaii employment^ 
and about 56 percent of the category^ 
^professional and technical ^workers/* 32 The" 
proportion of women employed in the various 
science and engineering fields varies widely as 
shown in Table 5-26. - 
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WOMEN AND MINORITIES 
IN SCIENCE AND ENGINEERING lf 

Women in sdence and engineering' ** 

tif the nearfy 2 million persons in the science 
anil engineering population in 1974, about 
185*090 (9 percent) were women, 31 Of these, 
. only 7,600 were in engineering fields. The sodal 
sciences have the lar/est number of women 
(56,O00\followed by t\e life sciences (34400)* 

* Almost half of all female scientists and* 
engineers {87,000 or 47 percent) were not in the 
labor force inl974, ie, they were not employed 
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VVomen were more highly represented amdhg 
psychologists, mathematical ^dfei>tists and comv 
pater specialists, and had aJower representation 
among engineers and environmental and 
physical^deritists. Overall, in 1974 women 
tented less than 1 percent of the engineers 
but 14 percent of alKsdentists in contrast to only 
about & percent of the scientist labor forte in 

1968. ' ' -J . - 

^- * - 

Full-time employment of women scientists 
and engineers in die academic sector shows a 



n US Sandals tad hymttn, 1974, National Science 
Foindation, (NSF. 76-3*9). - 



» Emplffymat **l T wm*i Etpri eftix PmUaL Department 
of Later, 1976.. ' * <i 
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somewhA different pattern** In 1976, 16 
percent opthe scientists and engineers employed 
full-time at colleges and universities w r ere 
women— 17 patent of the sdentists and 2 
percent of the" engineers. The proportion of 
r women in each field varies widely, as shown in 
TaWe_5-27. 

In 1976, women made up 20 percent or more 
of both life sdentists and psychologists, but le$s 
than 9 percent of the physical an<f environmental 
scientists in colleges and universities- The fields 
showing th^greatest change from 1974 to 1976 
were bidogfcil stjences (up* 1,250 from IS to 20 
perce nt women), psychology (ujl almost S00, 
.from 21 to 24 percent), and die soeiaL$aences 
(up almost 1,500, from 16 to IS jjprcent). In the 
case oNjoctorate-granting institutions alone; 
the percentage of women i* similar to all 
^institutions with the Exception of chemistry and 
mathematics, ^ 

Besides the growth in the number of women 
in science alone between 19£8 and 1974, die 
moststriking difference during Jthis period is the 
distribu tionof women scientists among types of 



» Data for women sdentists employed part time are not 
ava&Be. \ 



employers." In 1968^ 62 percent o^ the Wpmen 
scientists were employed by educational. in- 
stitutions, but by 1$74 the proportion had 
declined to 25 percent There Yfas a simillr, 
though less dramatic, drop for Jh e proportion of 
men scientists working in educational in- 
stitutions (38 to 26 percent}. Th^ proportion of 
women working in business and industry more 
than doubled between 1968 and 1974, from 12 to 
30 percent and a larger proportion of >vomen 
were working for Federal, State, and local 
governments ih 1974 than in 1968/ These 
changes took place partly because institutions of 
higher education were doing relatively little 
hiring over th? period, and partly because fobs 
were being opened up to women in business apd 
industry. „ ^ — 



Women in graduate education 

The number of women students enrolled for. 
master's and doctoral degrees in science and 



*IL& Sckwtish *ml U&mmi 1974, National Science 
Foundation QtS?7ttZ9),p.26>^ Amnio* SdrrtM**f0»ff„ 
I9td. Nalxx^aISoenceFo«I^txxl{^^69^},b*Jedonpp. 

29 and 43- ' -~ 7 , 
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engineering doubled between 1966 and 1975.^ 
The proportion of women enrolled for advanced 
degrees in various fields is shown in Table 5-25. 
ThtsodalscSences have had thegxeatestchange 
in percent of total enrollment^ whileengineering 

-ijas had the smallest.' " „ - *^ 

~ - - - *' 

* The share of doctorate degrees Jhsdenceand 
engineering received by women is alsk-iny _ 

Increasing (Figure About - 3,000 ^ women 

-^earned -doctorate degrees in sdfence and 
engineering in l 1976^ congOTed to about 750 
degrees awarded tor. women in 1965. Besides 
growing in absolute, terms, the proportion of* " 
llpctpral degrees in science and engineering 
"earned by women increased from 7 percent of m 
thetotal in 196S2o±7 percent in 1976. By 1976, „ 
women were awarded 27 percent of the doc- 
torates in the sodal sciences and 19 perceQt in 
- the life sciences, but 11 percent or less in the 
mathematical sciences, physical sciences, and 
engineering^ 6 * 

* Gfte factor whfch may affect the participation 
of women" in science and engineering is the 
difference in salary levels for men and women in 
science occupations, as in many professional and 
technical occupations. Among doctoral ^dentis ts 
and engineers, the 1975 median annual salary of 
$19,000 for women was 19 percent lower than 

v the median of $23,500 for' men. 37 Women's 
median salaries in 1975 were consistently below ' 



Si Exrdlcd fer Abated Dtp*** National Center for 
Educational Statist**, annual series, and National Saence 
Foundation, unpubksbed^ata, % ^ . 

*Foc more information on this topi^ee Joseph L* 
McCarthy and Dael Wolfie, Doctorates Granted to Women 
and Minority Group Members*, Santo. VoL 169 {1975), pp 

J* GtxruUristk* cf De&ral Scuzfoh ami £*/t*m* xx tkt Untied 
Sbkx. J#5/NatJonai Science Foundation, CNSF 77-309), p. 
6L 
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Women as a percent of total science and 
engineering doctorate recipients by field, 1965-75 
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men's at each age level, regardless of the number 
of years of professional experience Their 
salaries increased only S ^percent 6pm 1973Lta. 
1975, compared to an 11 percent risQ.in men's 
salaries. Recent date indicate that* the gap in 
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starting salaries be tween*men arid women njay 
be narrowing, and in: some cases womert *ire 
receiving*higher beginning salaries? tl\an men. 
For example, women irajdringinmost engineer- 
ing disdplines received slightly higher starting 
salafy offers than men in 19Z5.** 45 

Because of the relatively small number of 
women scientists and engineers, their rate of 
^increase in tKe doct6ral f population y their lower 
"median age, and the narrowing of the gap in 
* starting salaries, the differential in average 
salaries: paid men and women in science and 
engineering may be smaller in the future. 



5-30 # . ♦ . 

Minority representation among scientists 
and earners by field, 1974 



Racial piinorities in science" and engineering 

> About 4 percent of all scientists and engineers 
in 1974 (87,000) were members of selected 
minority groups. Asians accounted for liB 
percent; Blacks were. percent, and othfe 
nonWhites {e.g^ Americart Indians) the" 
^remainder (Figure 5-30). m 

. * lie distribution of minority scientists' and 
engineers across fields of science varied con- 
siderably. Far aUradal minorities together, 4 out 
of every 10 were in engineering fields. Almost 2 
of etfery 10 were social scientists. Over one-half 
of the Asians w£r£ engineer^* as wer^ one-, 
fourth of -the Blades. The social sciences ac- 
counted for almost one-thirctofthe total number 
of Black scientists and engineers compared to 
xmly 6 percent of Asian scientists and 
engineers a* 

Hie representation of minorities among 
doctoral scientists and engineers in 1975 is 
shown mTabIe5-31.DoctofalBbckshave only a 
slightly higher representation than all Black 
scientists and engineers, but Asian Scientists and 
engineers are over twice as prevalent* at the 
doctoral leyel than among all Asian scientists and 
engiheers.- 

'Among.the Black doctoral scientists and* 
engineers, in 1975 the largest proportion was 
involved primarily in teaching activities {40 
percent),, followed by management or ad- 
ministration &$* perc^,.jjid-«seaTcK ani^^J 
deyelopmeht{lSper^g« pr<5 

. ana 7 
menh 




Social sciM&sis 
3od pyipfcgBts 



»CPC Sakry Stmxy &ncl'fypri, The College Placement 
Coancit July 1975, ■; 

*U£. frkxtisb end Expnttn. 19U, National Science 
foundation {NSF 76-329), pp. 24-25. * ' 

State, 1975, National Sconce Foundation, (NSF 77-309), pa 



of activity applies in most of the fields. In 1975, 
JUadt doctoral scientists and engineers were 
employed for the most part by universities and 
4-year colleges {62 .percent), with the next 
largest proportions in industry (13 percent) And 
, the Federal Govexnmeni (6 percent)— a consis- 
tent pattern across most fields* In comparison, 
just over one-half of the White doctoral scien- 
tists and engineers were working in universities 
ar colleges, with the next largest 
n {24 percent) employe^ by industry, 
•cfnt working for the Federal Govern- 




iarfdoctoral scientists andengineers exhibit 
i different characteris tics. They are primari- 
ly involved in research and development {51 
percent)* teaching {27 percent), and manage- 



As: 
quite 



ment or administration (9 percent). Compared . 

with the pther minorities,^ greSter proportion 

of Asians are employed fay industry: 50 percent 
.„ in universities and 4-year colleges, 34 percent in 

industry, and 5 percent in the Federal Govern- 
Vment*- 

These data suggest that there are character- 
istic patterns of involvement in science for the 
various minorities: Black doctoral scientists and 
* engineers, for example^ are found more often in 
the Votial science and health science fields, 
predominantly involved in teaching activities In 
contrast "Asians tend to' be in the physical 
sciences and engineering, wfth primary involve- 
ment in R&Diafctivities. # - 



Aji indication pf -the participation of minority 
students in science and engineeringkgraduate 
study is presented in Table S-?2. It s|6tdd Be 
pcntajed out that these data* do hot represent 
national totals, bat they were rejportecl iy a 
significant proportion of doctbra tenanting 
institutions. The largest percentages oF Black, 
graduate students .occurred in^ health 
professions and the social sciences in 1973, while 
^engineering and the physical and life sciences 
attracted die lowest proportion of Black grad- 
uate students* For -Asian graduate, students, 
engineering and the physical sciences have the 
Aiigher proportions oriliinorfty enrollments. 



' 6NEMPLOVMBNT AMONG' 
^SOENIIST? AND ENONEERS 

Unemployment rates, are only an imperfect 
expression o^the.su^ly/demand^alancer The 
National emplpymenV rate A for example, is 
traditionally expressed in terms of occupation 
last held. In some cases an individualscien tis t or 
engineer may have taken a nonscience or 
nonengineering job before becoming „ un- 

*employed and 'would therefore not be reported 
as an unemployed scientist or engineer. Un- 
employment ley els, furthermore, do not indicate 
the degree of underutilization in positions 

'iGqufrmg lesser sl^ th^ JncUyidpls actually 
" possess irt addition, in most instances it is not 
~ pbs^le^to ( m€asiire the difficulty or the length 
of time required for obtaining employment for 
scientists and engineers- who are first entering 
the job, market or for those who are changing 

jobs. 

/Historically, unemployment among scientists 
and engineers has been relatively low. During 
most* of the 1960*5/ the unemployment rate for 
these workers ranged below 1 percent. This was 
Below the r^efpr/all professional and technical 
. workers and substantially below the rate for all 
types of workers combined (Figure 5-33). In 

1971, the unemployment rate for scientists and 
engineers reached a level around 3 percent/ 
Marly as high a? the unemployment rate for all . 
professional and technical worker?, bu| well 
below the 6 percent rate for all workers in the 
economy,** This change in the labor rparket for 

, scientists and engineer^ resulted fromasenesof 
factors— cut-backs in defense spending, reduc- 

~K<ms in defense and other R&D programs, and 
tfefesened demand for acad&mic faculty. By 

1972, Tiowever,Jlte labor market for scientists, 
ami engineers began toimprove. r Bieu]tJemploy- 
ment rate for eg^neers^^frir^ example, dropped 
from 3*2,percen£jn the first quarter of 1971 to 
less than; JL percent at the end of 1973— 
comparable to the rates qf the mid-1960%.^\ 

In 1976, the combined unemployment fate for ' 
a sample of sdentfsts and engineers $vh& were 



classified as suchin the 1970P ederalOnsus was 
1.9 percent*** Of thosje employed, 97 percent 
held full;time positions in 1974 while 3 percent 
were working part-time. .<..'. 

For 1976, the unemployment level for 
engineers alone was 1.7 percent, compared to a 
1974 average of 1.3 percent (see Appendix Table 
5-19).* 3 Increases in engineeringtmemployment 
between 1974 and 1976 reflected the dpvmiufti 
in economic activity and the rise in* the un- 
employment rate tor all workers from 5.6 
percent in 1974 to 7.7percent in 1976. Similarly, 
the unemployment rate for professional, 
technical, and kindred workers advanced from 
2.3 to 3.2 percent over the 2 years.. The 
manjufachiring sectors of the economy absorbed 
most of the initial decline Jri employment over 
the 1974-76 period, and many engineers *are 
employed in these manufacturing industries. Jt 
should be noted that even while the unemploy- 
ment of engineers rose froni,!^ toJL7*perC€gnt ( 
from 197i to l9^r^ov3er 20,000 additional/ 
positions for engineers were added to the labor 
market in this period. - ' * *"-*-/ 

„ The combined unemployment rat^ of JL97A 
and*1975 recipients of sdence and enginefring 
bachelor's degrees was 13.Q percent in 19£o/- 
11J5 percent for .the 1974" graduates and U.6 
percent for the 1975 graduates.** Engineers and 
computer sderfKsts were besjtjable to otf 
employmeht in the field of their major subject of 
study— 96 percent and 92 percent respectively. 
The most difficulty in 1976 was experienced by 
new physicists'ind econpgiists, with only iboiif 
45 percent atfe to work in their own fieli This 
may be due to % the degree o£.occup4tionai 
emphasis 'of these programs at Jthe bapieWs 
degree^level aiwell as the job niarketfor new 
scientist "+> ^ , 

Theunemploymentrate fordoctoralfcjentists 
and engineers was4>elow 1 percent iit 1975, the 
latest year for which dat^are available. 

3" 



**f EMjftnmt.' 197J. National Sdence Foundation (NSF.72. 
307), pi 61. , ' * if 



" "National Sample of Scientists and Eiigineers. Changes 
-in Employment 1970-72 and 1972-74/* Soou R&nm* Studies 
{tfthJifa, NatlonaJ3dence Foundajioh <N$F 75-30$), May 
19, 197^ nd'unpu Wished -data; ^ ^ ^ 

. « Tne"bnempIoyment {ate for engineers, m the: first 
quarter of l9Z5Tfc estimatej at l^jpercent. 
** National Soence Foundation, ffiipuyished data. 
"* " * - * »• * ^ j . ,1 
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ADDITIONS TO THE 
SUPPLY OF SCIENTISTS 
AND ENGINEERS 



J" ' 

The choifce of cotegem^orsbyNafionalMeriF ,, \ 



; Interest of "students In scienc 
" and engineering ' 



extremely } capable sftudents in sdence and 
engineering (A^sidix Table* 5*20). Between 
+ 1966 andif 76 the prbportioirof these studenfs 
planning to , 'enter sdence or engineering in* 
creased from^62 percent to 7Cf -percent Th£ 
proportion of hfrtional Merit Scholars cJlfcosing^ 
v science, as a major -declined by six percentage 
* points between 4972 and, 1^76 (Hgure 5-34)/ « 
while ;^ve'r this, same period there >vas 2n * 
increase ^'dght^jjercen^e points for Jthose 
planning to major in engineering;^abottt half of 
thfe growth occurred between and 1976. 

A second indicator of-earl^ student igtgfest in 




most ^xupational interest In recent -years. 
Jnterest in becoming ah engineer continues to 
increase after a 4-yea{ plateau,retufning t o the 
l?7d IeveL Occupational jntferest n t education as f 
a career, which n?ts^decreased substantially in ^ 
recentyears, showed aslighf upturn in ±976*At * 
die same time, there was a downturn of interest " 
- in the»non-M.D. health professions. * 

* . Undergraduate enrollment in major IS 
generally 'first obtainable fofc junior-year * 
students. Th£ latest data from a national sample 
s^ow that total junior-year undergraduate' 

* Enrollment increased by 2" percent behveen &il 
1973 and fafl,1974« (Figure 5-36), However, the ^ 

^^imtteji of students majoring in science 'and J 
erigineenng fields increased only 1.1 jsexrentj 
which , was. qpt statistically significant; tpm- 
pitfer^artd information sdenceS/.and agriculture 

* and natural resources majors increased" by 9 
percent- There- were afea> more junior-year 
inajoFS in the Biological sciences. Decrease? 

^occurred in * the number majoring in 
Mathematics and social sciences and were 
important/ because these 4 , two Iat?er groups _* 
accounted -for -almost half {4& percent) of all 
junior-year sdence and engineering majors, 

* 5 Irtne L GomWr^ and Frank J. rAtelsek, KUjcr htU 
ExraUMftt? vf junwt ¥mSt*itxb, 1973 and 1974* (Waskngton,. 
'I%Gz American Council an Education, I9?6), p 6 



* 9 

* y * * »- 




L . * a*** j^" ■* 
*— ^^^^^^^^^^ * 


i 

c 


^ ^^^^^ * * 

* * 

• % ^ 




* . ^'MIII»l>'l«nM|Mtif l . 


**, 




t 


f 




' - ■ _ ' i 




i * | *| * \ * * 






536... . . 

Significant changes in enrollment 
of junior-year undergraduate students 
, by selected major fields, 1973 to 1974 
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Bachelor's and first-professional 

degrees awarded f f * _ 

. - - - * , 

Bachelor's artd first-professional degrees*.* 
awarded for the years 1960 through J975 are 
$hownOn Figure 5-37. In 1975, the number of . ■ 
degrees granted St all fields combined, Snd in 
science and 'engineering, declined for the first 
y^atNsince 1955. Social science degrees**— as a 
proportion o£all bachelors degrees in fcence 
* and engineering— i^se from about 2c? percent of 
the total in 1960 to almost half (47 percent) in 
1975. ' - 



«♦ Firsi-profejsiotuI degrees include the ^D. DJDS. 

and f-D. degrees. * ' / 

V Including psychology 



Colter md WvmGm sciences 




'Between 19 
iience and 



t&b and 1975, bachelor's degrees in 
^ncii^c <ni« engineerings as a, fraction of ail 
Bachelor's and first-professional degrees in all 
fields, remained essentially constant at ap- " 
proximately 30 percent. The large annual 
increases in social science degrees afMhis level 
were responsible for mamtaining this propor- 
tion. Engineering ^egr^dedineid^ 
from 10 percent to 4 percent of these degrees in 
*aH fields during the period/ while the physical 
sciences M from 4 percent to 2 percent. 

• - * '' T 

- * 

Enrollment for advanced degrees » 
* - * ' 

During the past decade and a half, enrollment 
for post-baccalaureate degrees in all field* has 
reflected the complex infldeftl^ many factors, 
including population trends, changes in a^itfades 
and aspirations {sugh'as the increase in career 
interests among wojnen), . military draft 
regulations, employment^)utloolc,aItered expec- 
tations of the value -of higher education, and 
financial resources availablejto students* Reduc- 
tions in FederaJ support programs for graduate 



' students have had % an obvious, though not 
precisely^ measurable, influence on enrollment 
for advanced degrees in science and engineering' 

Froin 1960 to ,1975 enrollment for advanced . 

- degrees in science and engineering mare than • 
* ; doubled (figure 5-38). Physical scienre enroll- 

, men t peaked in 1968, engineeriagjerfrollment in 

- 1969, mathematics in 1970/ while the-soaal and 
life sciences enrollments; have continued to 
increase ea«i year since I960. 

The direction of more recent trends in 
- ^. graduateSenroUment *sn$yh also be seen in 



additional data collected those institutions 
granting science and engineering doctorates, 
v These data, although not strictly comparable to 
Those 'above, indicate that" full-time graduate 

science and engineering enrollment increased by - 
- nearly 10 percent over fell 197 A, followed by a 2 
percent increase from 1975 to 1976. The serial ' 
and life sriencelfaixoun ted for ajmost two-thirds 
of the cfreraU increase* 4 ? 





rapiij growth in enrollment, for 
advancecTdegrees, during the 1960-75 pehod 
occurred in fields other than science and 
^engineering. , Consequently, enrollment for 
advanced degrees in science and engineering 
fields as a proportion of all advanced jdegree 
enrollment declined from 38 perdfot in 1960 to 
75 |>ercent in 1975' (Figure 5-38). The physical 
sciences and ehgmeermg accounted for most of 
this reduced shire. . 

It has been suggested that* this drop may be 
due to the mosi pfomising students electing to 



pursue nonsrience fields. However, a recent 
study of the aptitude scores of graduate school 
applicants does not support this claim/* From 
1970-71 to 1974^75, there were no changes of 
practical significance in average aptitude o£ all 
applicant The major differences were those * 
between fields, occurring consistently over the 



«• GraimaU Sana UpfMieru Stminl Smffott wU fy&dmb, 
full W4, National Science Foundation (NSF 76-313) and 
Grttluale Soma Elucmbm; ShJnl Support m$i Pxttedsrsh, F*U 
J 9 Detailed Statistical tables, National Science Founds 
, tionCKSF76-3ie},p-199. 



entire period studied In quantitative ability, 
candidates for graduate study in the sciences and 
engineering averaged much higher* 0 than those 
wishing to enter nonsdence fields, and within 
the sciences, the physical and mathematical* 
science, candidates averaged much higher than 
those in. the life and social" sciences. In verbal 
ability, the .science and engineering and die 
nonsdence candidates did not differ on the 
average/ but wi thi^the science and engineering 
group, eng^neer^p. candidates averaged 
noticeably lower than the others. 



Graduate student support . 

. Patterns of Federal support of fellowships, 
traineesMps, and training "grants have changed, 
markedly in recent years: There has been a 
tendency toward participation in * federally 
funded research projects to areas of national 
concern in place of direct student aid Federal 
obligations te specifically for fellowships, 
train eeships, and training grantsdeflined from 
$421 million in 1971 to 5287 mflfion in 1973 « 
These funds then rose in 1974 to $327 million, 
largely because approximately $60 million of 
funds impounded in 1973 were release^ to the 
Department of Health, Education, and Welfare 
Total agency obligations for these purposes then 
declined to $201 million in 1975, the lovyest point 
since these data have been available. In constant, 
*19g3 dollars, this" represents a 164 perc^ht 
redSctkm- ThcHEW total, which f dl from $301 
million^ 1974 to $152 million in 2:975, 
accounted for most of this decline. r 

4 The ULS. Office of Education's student 
progr^mi under the now terminated National 
Defense EducationAck those of NSF and NASA, 
were among the Federal ageffcy activities 
affected by the shifts' in funding. Current dollar 
obligations, by the' Office of Education declined 

^irom$52 uOlBon m 1971 to S$l million in 1972> 
and Rafter the expiration of National -Defense 
Education Act awards, to $10 million in 1973. In 
1974 and 197£theOffice of Education obligated 
only a little over $1 million to these programs* 
NSFs support of' fellowships and traineeshtps 

/ dropped horn $42 million in 1971 to $20 million 
in 1975, and NASA's traineeships have been 



*o Trends im Aptitude §f Graduate SbJenb in ScStaa (Princeton, 
\U Educational Tw ting Service, 197fr). 

Jmtih&m. Kf booal Science £oundattxv iomijl series. 



virtually eliminated, amo JKng to,only a total of 
about $1 million in 1973, 1974, and 1975. * 

All Adds of science were affected by the 
reductions in Federal support of fellowships, 
traineeships, and training grants* The largest* 
absolute decrease occurred in the life sciences, 
which dropped iagm $225^ million in 1971 to 
$179 million in 1973, The release of the 
impounded 1973 HEWfunds brought fhe 19?4 
total for the Jif e sciences back up to $226 million. 
In 1975, however, the amount declined again to 
$136 million, reaching the lowest jgvel since^ 
separate data were first collected 'Htt971+ ^ / 



Master's degrees awarded 

* ^Master's degrees awarded annually for the 
1960-75 period are shown in Figure 5-39, Thef^ 
number of degrees conferred in all fields 
increased in each year through 1975„|iowever, 

% the total number of master's degrees awardedin 
science and engifteering reached a peak in 1973. • 
Degrees in the* physical sciences reached their 
maximum even earlier, in 3.971; those in* 
engineering ancfmatheniatical sciences dropped . 
after 1973, while degrees in,the life and sodal 
sciences continued to increase each year. As a^ 
faction of jousted degrees in all fields, science . 

* and engineering degrees declined from a high of 
30 percent in 1965 to only IS percent in 1975; the 
greatest proportional declines occurred in 
engineering and the physical sciences. 

It should be noted thafmany students enrolled 
in doctorate programs in which no masters 
degree 1 i^ awarded reach the^same f level of 
competeiice^ as those reported as receiving 
masters fiegrees along the way to the doctorate { 
^or as a terminal degree. Tliis-policy variation 
affects sifaular fields, at different insfijtdtfons r 
well as piffefent departments of the 
ins ti tut 




IJoctoral degrees awarded 

The number of doctorates awarded in each 
- year of the 1965-76 periocUs shown in Figure 5- 
40. The numbers of doctoral degrees earned in 
all fields combined and in science and engineer- 
ing combined readied their peaks in 1973, The 
number of science' and engineering degrees 
awarded each year lias ranged between 17,800 - 
and 19,000 in the 1970-76 period The majority 
of all doctorates awarded between 1965 and 
1976 were Jivsdence and engineering fields, but 
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their share fell from a high of 64 percent in 1965 
to a level of 54 percent for the 1973-76 period 
The'number of men deceiving doctoral degrees 
in science and engineering decreased in 1974, 
, 1975 and again m!976,andalthough there were 
increases in women doctorate recipients, they 
were not sufficient tc^offset the dxpp for men* 



VT^endsr in doctorates awarded in individual 
mafor areas of saipce and engineering over the 
1965^76 period are also shown in Figure 5-40* 



The physical sciences and engineering exhibited 
the largest declinein recent years; the number of 
physical science doctorates awarded dropped 73 
percent from. 1^71 to 1976. This dedine In 
annual awards in the physical sciences" \s tfue 
largely to the §harp drop in physics and 
astronomy doctorate recipients — down 29* per- „ 
edit from 1971 through 1976-And/to a 26 
percent decrease in chemistry doctorates con- 
ferred over die same period. In contrast the . 
number of social science doctorates rose 19 
percent from 1972 to"1976. / 



. TjnjTiigrant scientists and engineers 

Additions to the U.S. supply of scientists and 
engineers also result froin persons immigrating 
from other countries. About 7,000 scien tis ts and 
engineers immigrated officially to the United 
States in 1975, 52 of whom some 2,500 had 
already been in die country on temporary visas.- 
The rest came on a temporary basis as exchange . 
visitors, industrial trainees or transferees of 
multinational companies. Over the 1966-75 
period about 100,0$) scientists and engineers 
„ permanently immigrated to the United States* 
almost 40 percent of whom had come here, 
originally on temporary visas, and subsequently 
~ achieved formal immigrant status. ~ 

Although sjnce 1973 tHe number of perma- 
nent immigrant scientists and Engineers .enter- 
inge^ch year has fallen tQ almost hilftlie level of 
the peak years of the late sixties, the total 
number of all .foreign scientists and engineers 
entering from 1973 to 1975*ha%not fallen as - 
sharply, due to. the increased inflow of noninf- 
mfgrant, foreign sdentists*and engineers in the 
later period- Table S-41 summarizes thfc scientist 
, and engineer inflow patterns of the past decade, ' 

In 197^ foreign doctoral scientists and 
engineers made up 6 percent of jail doctoral 
scientists and engineers, 53 ranging fcgpt lows of** 
2 percent of the psychologists and percent of 
the agricultural scientists and of thesotiologists, 
to highs of 10 percent'.of the atmospheric 

f scientists ami 8 perftnt'of tKe engineer and of 

' the physidsfcrfastrpnomers- 

One-half of th#foreign doctoral scientists and 
engineers were life scientists or physical scien- 
tists (25 percent each), while 23 percent were 
engineefe, 14 percent social scientists or psy- 
* chologists, ana £ percent mathematical scien-. 
* tists. Tliis distribution generally follows the field 
distribution of doctoral scientists- arid engineers 
whoafe U-S.^itizens. >- • : - 
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<** "Scientist* and £ngirwrs'frocn^bro*d; Trends^ the . 
Past Deade, 1966-75/ &r*» *f D*U*i% Satwu Reswra, 
National Science Foundation (NSF 77-305}. 

« Based on CJ*r*fm*te 4 DcdMtl ScifttOs **si B*£t&m im 
tht UmdSum, 197%. National Science Foundation fKSF 77- 
309), 34. * . 
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Public Attitudes Toward 
Science and Technology 

INDICATOR HIGHLIGHTS 



la the public's rankings of ten occupations 
according toprestige, scientists were second 
onlyto physicians in 1972, 1974* and 1976, 
with engineers, in thir^place. This fe in spite 
of ageneral decline in the public's regard for 
the ten occupations from the 196tfs to the 
1970% and again from 1974 to 1976 The 
relative standing of scientists has improved 
since ih§196tfs. 

While thex>ublic in general has ? high regard 
for sdence and scientists, this regard* is 
highest among the relatively affluent and 
educated and those who have professional qr 
managerial occupations- The least favorable 
attitude^ are- held byv the poor and un- 
educated,- and those, who live and work on 
. farms. These latter groups also' respond "no 
. "opinion** with high frequency. 

-5 ^ * 
'S^About 70 percent of tile public believed in 

^972 and 1976 that sdence and technology 

""h^ye changed life for the better, and over 

ha* believed that they have donejnoregood 

than harm. More favorable attitudes on 

these issues were expressed in 1974 than in 

either 1972 or 1976. 

* Improvements in medicine are by far th£_ 
greatest benefit that the public believes 
sdence and technology have produced, 
followed by space exploration. The most 
- harmful thing is^ damage to the environ- 
ment, with the expense and dangers of the 
♦space program coming second. 

In d976, 6 percent of the public thought that 
science ana technology have caused most o£ 
' our problems, 45 percent some of ^our 



problems,, 28 percent few of pur problems, 
and 14 percent none of our problems. In , 
1972, only 9 percent felt that none of our 
problems were caused by ^science and 
technology. Government decisionmakers 
were most often dted in 1976 as the group 
responsible for causing such probleris, while . 
y business decisionmakers too. were often 
- mentioned. Scientists and "engineers were 
very seldorrt cited, but there was a marginal- 
ly greater concern about engineers. There 
was also a marginally greater desire io 
control technology than sdence, espedally 
among professionals and tfo -college 
educated. - _ \ . \ 

The portion of the public that believed that 
sdence and technology will eventually solve 
most problems such as pollution, disease/ 
* drug abuse^ and crime was 27 percent in 
"1976* This number had been 30 percent in - 
1972 and haddropped to 23 percent in 1974. 

The two problem areas in which sdence and 
technology would be most effective, in the 
view of the public, are health tare and^ 
pollution. The two areas in which they 
would be least effective arje thought to be 
reducing crime, and weather control and 
prediction. 

* - 
The areas in whlcfcjhepublic would most like 
its tax moifey spent for sdence "and 
^technology are the same as those in which 
they are considered potentially most effec- 
tive.* Th e areas in which the public wo aid Uosi 
like its money spent are space exploration, 
defense, birth control, and weather control 
and prediction. 



An essential aspect bfth^sd^Sfic enterprise 
in the IJnited States is the atfituitesif theUS. 
public toward that enterprise. Those attitude^ 
affect science and technology in many ways. 
Directly, public attitudes influence the decision 
of .young people to take up careers in science- _ 
related fields. Also, they affect public voting in 
areas related to technology. Indirecdy^pubBc 
attitudes .'influence the scientific .enterprise v 
through their influence on the actions of 
government at all levels* TheseactioQs take the 
form of decisions to fund or *6 regulate certain 
research or, technological activities. The 1976 
report of the^National Science Board, Science at the 
Bkenfennial: A Report front Ike Research Community, 
sfio\yfe3 that the scientific community in the 
United States is greatly concerned about public 
attitudes toward science and technology, 
because it perceives a deterioration in these 
attitudes to be the cause of many of its current 
problems. - - 

Thp survey of public attitudes summarized in 
Science Indicators — 1972 and Science Indicators — 1974 [ 
was repeated for this report,* with, a few 
modifications _ that will \>e discussed below. 
Personal interviews were conducted in 
September 1976 with 2,108 persons 18 years of 
age or older. The sampling method used in the 
"survey permits the results to be projected to the 
entire LLS. adult population. 

" Such public opinion surveys provide informa- 
tion that cannot be gained in any other way. , 
However, their limitations should also be 
recognized. The* wording and * ordering of - 
questions may have an unexpected effect on the 

response obtained. A respondent ifiay really 
have f\o opinion on a particular issue, orahay 
confuse one issue with .another, so that his. 
response does not reflect his actual opinion. 

further developments jn polling technique are 
expected to minimize such effects. Finally,* it 

.must be understood that the purp&se of this 
smvey was to eliti lopinions, rather than informa- 
tion, about science and technology. Some 
respondents may be misinformed or unin- 

■ v - , -• . ■ 

J These three surveys were conducted by Opinion 
Research Corporation, Princeton, N J. For more information m 
on the survey method and results/ including statistical 
significance levels and complete demographic breakdowns, 
o see tl^p publication jtofjuk 
Rdbdgy, Suiy HI (September .1976) this study was 
commissioned specifically for the present report. It and the 
ORC jyports of the 1972 and 1974 surveys (Study I and 
Study II) can be ordered fromi the National Technical 
Information Service, US- Department of Commerce. 



formed, for example, as to what effects science 
and technology have hajl on society and what 
they are able to accomplish. Even so, it is valuable 
to know what they believe about these things. 
Indeed, it -may be especially iir?jportant to know 
when the public has unrealistic beliefs or 
expectation^ about science and technology. 

In this chapter, the public atti tudesrevealed by 
the survey are grouped for discission into four 
sections: general attitudes, results of sdenceand 
technology, capabilities *of science and tech- , 
nology, and public preferences. In each case, the 
'attitudes 'expressed* by the total public ^ are 
shown, as well as the attitudes of those 
demographic groups that diverged most 
significantly from the total public The 1976 
results are compared with those .from £972 and 
also with the 1974 results whenthelattershowa 
significant difference from both 1972 and 1976* 
Comparison is also node with the results, of 
other surveys in whicjt sjmilar questions were 
asked. x . 

GENERAL ATTITUDES TOWARD 
SCIENCE ANDt TECHNOLOGY 
AND TOWARD 
THEIR PRACTITIONERS 

The public continues .to have an overwhelm- 
ingly positive general reaction to science and 
technology. Out of four possible evaluations of 
science and technology, over 70 percent of the 
public djose favorable replies in both 1972 and 
1976, . is " . 




The reaction "excitement or wonder" was 
expressed by 23 percentoiLthe public in both, 
•years. In 1976, this response was given more 
often, by people between 18 and 29 years of age, 

■ ; - * ,i69 
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t by those with some college, those faith 
"professional" occupations and those with 
annual incomes over 515,000 Jewef pgople with 
iftcomesnnder $S^00b or 60years old or over had 
this reliction. * . * C 

The most common reaction was "satisfaction % 
or hppe" at 55 percent in 1976, which^ was 
significantly above the 49 percent* with* this 
reaction in^.972. Again persons with annual 
incomes below $5,000 had this feeling less often 
than, the average-7-less often, in feet, than any 
other group. . - . * 

"Fear or alarm" was the reaction of 6 percent 
\ |a both years, This was the feast frequent 
~ response «n 1976. Howcfver, jhe^roup with' 
; .income^xtnder $5,000 expressed this reaction 12 
.percent of the tixfle. 1 *~ ^ * 

Besides their attitude toward science and 
technology as such, one may ask about the 
public's attitude toward the persons *who 
practice them. Tabfe 6-2beIow is concerned with 
the attitudes of the public towarcl dentists and , 
engineers, as compared with^ other 
professionals-^Bach fob or profession listed was 
rated as "excellent", "good;', "average", "befow 
average^ or '<poor" in term* of its prestige or 
general standing. The table shows the percent 
answering / 'exceIlent*'or"good / 'fbf each occupa- 
tion in each of the years in which this survey has 
been taken. The occupations are rank-ordered 
according to the propprtion of "excellent* or 
"good" ratings they v/ere given in 1976. 




Tfie pufclicjs esteem for scientists in 1976 was ^ 
secondVnly to its esteem fox physicians, among \ 
the ten occupations listed. The same was true in 
1972 and 1974. Engineers ranked third, directly 
after sdenfists, in each year. The table also 
shows that there has been a general drop in the 
publics regard for all ten occupations, between , 
1972 and 1976. The drop was especially severe in . 
the case of lawyers and businessmen, and most 
severe in the case of US. representatives in 
Congress, who. ranked lowest of these ten 
occupations in eachyear. 2 Inmost cases, the drop 
from 1974 to 1976 was greater than the drop, if 
any, from 1972 to 1974. However, inspite of the 
general decline in prestige for all jobs, scientists 
and engineers maintained their'relative stand- 
ing- . ^ , - _ V - ■ 

In 1976, those who most often responded 
"excellent" ot ^ood^ with*^gard tfcrj scientists 
were in one of the following groups: those from s 
30tp49yearsof age;thosewhohads9irrecollege - - 
education; had professional, managerial, or 
clencal or sales occupations; lived in cities of oyer 
one ciilliort population or in the northeastefn 
United States; ot had incomes of.$j5,000 or 
-more per year* Those with" tjie least favorable ^ 
attitudes were 60 years old or more, had not . 
completed high school, worked on farms, lived in * 
the South, or had annual incomes below $5,000. 

In the case of engineers, those' giving them an 
especially -high general standing in 1976 be- K 
longed to the maanagerial occupations. Those;,? 
giving them an especially low^general standings w * : 
were 60: years.oldir more, had less than a high w < 
school educaffofu liygd in rural ^areas, othad^J^-; 
incomes below SS^DOO per year. 

There have^teen many other studies of public 
attitudes toward professions, including science, 
with which these results can be compared/ 
Similar (though not identical) surveys t^tken in 
2?47 and 1963' found the foflovving ratings for 
occupations- on the previous Iteb . ^ _ 



* The 1976 survey was Uke}i in September. In April J977, 
the Gallup Poll reported that 3o percent c$ the American 
public approves of the'way the UJS. Congress U Kindling its \ 
job. (Tfu G*Uup M, Release of April 14, 19774 This is more 
favorable than the September 197b resultand maysu&est a 
recent improvement in the puelte's view of Congress. 
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These w€re among the JO highest-ranking 
occupations in a list of SO. In jjlace of "engineer 
this table Kas '"civil, engineer", wfltile it has no 
ent^y corresponding to "businessman", on the 
- "previous fable, * J V 

If differences in sampling method hefween the 
. surveys are neglected, it woiil£ appear (hat there 
. ha§ ^Jso feen a drop in the general standing of' 
most occupations since 1947 and 1963, ln\ny 
case, fchysiri^ns again Jed the list;in*both yejrirs. 



t * ' £ > c - 

The numerical ratings are closely bunched; 
together, but by 1963 physicians and scientists 
. had established a higher general standing than* 
the other professionals listed, p his pattern was 
to continue in 197&S. ^ , w \\ * 

Since 1966, the Harris Survey anJP the 
.Nfgional .Opinion Research Center (NORC) 
haye also measured the public's feelings toward 
scientists, using a somewhat different question- 
Some : jSodal_ ifistjtutions in this country a%e 
named/ and tjie respondent is asked whether he 
or she has "a greajpdeaT of confidence, "ohly 
some" confidence, or 'fhardly any" confidence in _ 
the peopjfpinmng each institution. Clearly this is \ 
not the same as asking for attitudes. &iyard . 
occupational groups as sufh, as inTable 6-2. The 
responses may reflect attitudes toward authori- 
ty a^d institutions, as well as attitudes foward 
the occupation^ StjU, # the "trends in th'ese 
responses over time may h£jp in interpreting the 
response on TabIes6-2 and 6-3* In particular, the 
responses may hejp in eyalua tijjg the jdonsistent . 
drop in the* expressed* confidence in aH^ o$** 
ctipatipns that is showfr on those tables. ' ; 

The Harris surveys were*conduited in 1966, 
4 lS^;andT.^72.TabjS6^s^s therwuIts.The^ 
words in parentheses are n£mes of occupations, 
taken from T^ble £2, that correspond to the«r 
institutions named in this survey. Similarly, 
from NORC surveys conducted in 1973, 
nd 1976 are shown in Table 6-5, 
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According to Table 6-4, there was a definite 
decline, in public confidence in the. people 
Ixunning all die listed institutions, from 1966 to 
the 197CS* Table* 6-2 and 6-3 make a Similar 
point regarding the prestige of occupations. The 
scientific community shared in this trend. Table 
6^5 shows a widespread increase in the public's 
dconfidence in the leaders of institutions from 
1973 loJU&A, followed by a decrease from 1974 
to 197^This applies to the scientific community 
in particular, thpugh the 197£-76 change is too 
small Jo4j«^nsi^red significant^ » ; m 

Table 6-5 indicates a drop in confidence 
from J974 to 1976 in alTthe institutional fead?r| 
that correspond^ occupations listed on Table 6- 
2. This .suggests that the l974-£6 drop that* 
Tabfe 6-2 shows represents a genuine change in 
public opinion: Another pSssible explanation for. 
the drop shown oh Table 6-2 isjKat in 1976 for 
the. firs? time the survey questionnaire" viras 
prefaced by abatement notifying the respon- 
dent tfojt tbe questions to, fellow come from a 
Federal agency* This was done to comply with 
the Privacy Act of 1974; In view -of tfif 
unfavorable attitudes.exoressed towardgovern- 
ment in some of the 1976responses,ttts possible 
that this preface led to relatively negative, 
answers to thts^uestion, syhich was the firsf one 
. after the preface. # 



Tables $-4 and 6-5 together provide a fimfc 
series, extendmg fitkm 1966 to 1976, measuring; 
the public's confidence in the leaders of in-" 
stitutiphs.* Since the tables' come from two 
different sojircgs, ltpwever, caution is needed 
yvhen making comparisoris between them.*lt is 
relatively safe tocojppire rank orders 011 the two 
tables. Tfru* in 1966 scientific leaders ranked 
fifth aqn^rig the institutions on Jable 64, barely 
above leaders of major companies, who were 
sixth; In 1971 they were agzfm fifth, tKough only 
slightly belcw banking leader^ who were third. 
In subsequent '^t^/ihey gradually emerged in* 
secopd place, next to medical JpadersI By this 
measure,nhe fevers $f the scientific community 
. hswe gained inpublicesteem from 1966^01976/ 
: in relation to. leaders pf other inkftution5,*in 
spite ofcageneraldrqp in public confide^ iijall 
s leaders of Institutions. ^ . 
Tables 6-2 and 6-3 show scientists ranking 
second only to pKystcians in every y$ar indicated 
from,19o3 to 1976. However, these lists do n^ 
contain some of the highly ranked instttutidw 



: 0 * tv 

* Both organizations have used this'queitiOfi annually 
irom 1973 through 1976, with varyin^JUts of ktttiUtfions- 
« *Disc repj nuo between theu result* are &rta iti than chance ^ 

*v would account for. ^ * - / 

* - _ * c#v ^ * - * - . 



^ **oii Tattles 6-4 and 6-5 'flfit made #ie idj^tific 
leaders rank slightly lower !n sbme years, V 



«> r RESULTS OF f: 
SCIENCE AM^TEO^dLOGy 



\. Thk ansvy^k bihef than "better" or "worsa" 
„. - ^Nfli^volttrit^^dl^thexespandents^ The table 
.* sR&vs that thje response "be 1 1 er" was given by a 
P 7 lai^e majority. The perce^ 

in 1974 and returned nearly ftSts 1972 level in 
1976, ^Again/tjifi least favorable replies we^e 
± giv^f by th^sejeast privileged in U.S. society, 
^ 'par&culari^fcy those with lowest incomes, non- 
, : WW|es> thl* oldest, andttffe least educated. ^ 

~/l - Th&Hayjis Survey ajs<5 attempted to m easure 
. -} pijbHc atgeudes* W this issueCin 19%2 r usiri^a 
national* sample of 1^484ab4|fe|ds> When, 
asked whether modem life, is mwfi better off 
^ due tatKe winders that scientific progress has 
% r'"* brought^ 81 percent agsei3,%10 j>erc£nt d^ 
* * aj^eed^. anj|f 9 percent wfere* not siire. Tm 
t ^spopSfc sh'pwn on .T[al>Ie 6-6 fo? was not 
- &tis tavorabfe, perljapsi because ' the Harris 
Question tvjajs'mpre positively worc^t. 



A closely related issue is whether the public 
percgives^that science and teduiology change life* 
too fast or*too slowly. /table .6-^ shows its 
reaction on this issxie/ 



- / Besides asking about general attitudes, one 
can meastire jnore 5j^afipBy the' public's ; 
feelings alxmt the effects or results^ofcsdence 
; and technology. Have they inade life better or. 
\ Y&rse, for the ijiost part? Ttyhat specific good or 
bad ^hings liaye^they done? Public attitudes 
# regarding past afid presert tjef fectfc of science ancL 
^^echnolqgy are discussed in tWssectiort. Table 6-" ; 
6 shows'that" the v^t majoritybf Americans feef 
that science and~tediflologv !have made life 





In both years, about half of "the public >vas 
satisfied with the-rate of change due; to science . 
' and technology. Only 22 and 23 percent felt the 
^ pac« was. too fast.Tn 1976^ignificantly more 
meji than w&nen felt, thabsdence isxhanging 
things too fast (25 'percent versus 20 percent). 
Those responding ''too slowly" would ## 
presumably have Eked to see even mo^e wcirlT 
done in science ana jfcechnology or even more of * 
an effect of that work on sodefcy- * ; 

Other studies have also measured the public's 
feelings about the rate of change causecf by 
sdence. For example, wheivasked whether thfiy 
„ thbught, that sdence makes pur way of life - 
change too fast, 43 percent agrjeed in 1|57, 47 * 
percent lit 1958, ihd 57 percent in 1964A When 
asked in 1968 whe^eridentific ie^arch-is; 
rausing the world to chaise too fast^^tJ-percfent - * 
agreed strongljr^md 34 percent agreejl* 
# somewhat, for dWrotal 'of -54 *percent> Thfese " 
- results^ uggest an increasing apprehensiveness 
about sdence in the interval from 1 ! $57 to 1968. 
Unfortunately, the question used m the present . a 
. survey is suffidently -different that no direct 

comparison can be made. . ^ * 4 
^ . * , *• \ 

There Is broad agreement with the generalr 
* proposition tlCa t sdence and technology do more 
goc« than harm, as Table 6-8 shows. 



- ■ Z. — L ^ U* * ' \ * 

£ * Ht'Hanu Survey, Refeas^of Fcb^3fy 17*3972. 
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* A. EtzW< ^n<f C N r unn # "Th^Public Appreciation of * 
« Sdence in Con^mporary' Amef*ca", Dae&lus (Summer 

» National Opinion* Research Center^ Study SRS-4050 
(April 1968h Supplenient for Question ^1- 

• . » - • w ' * 

■ /■ . - .... . . • « 



in : 



for the better. Moreover* &ere wa£ an increase 
in those with this feeling in 1974, followed by a 
drop in 157a, just as on Table 6-6. In this Cate, 
h oweve r, a neutral response "about jhe same" 
VSTSFfered, and many took 'advantage oFit 
in 1976 the reactions Ig^t'favorabfe to 

- sciencfc and technology wef Jfgiven by those 
" between 3D and 39 years Sid, those jyviih some 

college education, th<?sVwitK j^ofessional or 
managerial occupitions,>and those vpth higher 
-.incomes. The lfcast favorable reaction^ came, 
from those who had not csmpjeied high school 
those with mutual 01 service occupations, tjiose . 
with the fowell ifflbme, thqse who rent rathej 
tfian own their homes, and non-Whites m 

Louis Harris also investigated altitudes on this 
issue -in 1972. When asked whether scientific 
discoveries have producfed more good or mcflre 

•harm, an'overwftdgung 75 percent said'mpre 
-^-jgoodt -versus 9 percent Who safdfcore hann. 7 

" * This is roughly similar to the Responses on Table* 
6-8, if oi\e recognizes' that^the Harris Question 

^did not offer the response "about the same" -to 

"the Akpondents. It is bIso comparable to the 

* response^ on ^ble 6-6{fbr 1$72. 

- Thdsewiofdtthatsden^eandtedtmologydo 
mere* good than harm were asked to mention 

Vome "good thing" they thought science and 
^echnoiogy had done. Then ttfey were asked, ifi a 
second question, to name another good/thing 
The responses -were then analyzed by classifying 
thent under, a set of appropriate headings *he 
combined results from tlje two questions are p 
shovgp in Table*6~9* ' *S 




* Tin Hams Sunwy, Release of Februarys, 1972. 



It i? dear from^the table that By fer^the 
. greater benefit that the public perceives coding 
irom science and" lechnoltgy is in the; field of 
medicine, * This is consistent with the high 
. rartkirig that was acconjed to the medical 
profession on Table 6-2. "Space explotfatioi{"ls <[ 
distant second, followed by a number of benefits 
rep9rted not more than 12 or 14 percent of fee 
time-:' ^ . -* . * * 

, Those who felt that sqtenc? and technology do 
s the same amount of good as of harm were asked 
. * to n^me one good rfung. that science and • 
technology have tfone^ and also one harmful^ 
^hing*» The responses again werefenalyzed and 
classified Tables 6-10 and 6^11 sh^w the results. 

In the case of thegoaf thing* reported (Table 6- 
10), the benefafryrited are'mucfothe same as- 
those on Tabl^f 9* The great excepBoji is tfftt 
those who felt science andtechnology have done 

* as. much good as harmf ailed much more often to 

* produce an example (15 percent on Table 6-.1& 
^/reu* jTper^ent on Table 6-9, for 1976). When 

* these people\v«e jasked to -tmtB&fargrfut thing * 
' (Table 6-11), evfenmora were unab!e«o gjve an 

example, (23 peiretf^n 1976). Htfwever, there 
was 3n*eyident coricerHabout the environment 
and conservation. Thisxoncenj sterns to have 
increased between 1972 andsL976.J ^ 
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fefrrcern about tiie environment was especial- 
ly strong in 1976 among those with a high school „ 
or some cpllege education' and thqse in 
managerial ^professions. It was least** often 
expressed by those 60 oj over and those wjio had 
never completed high schooL Negative reactions 
jto the space prograjn dropped significantly from 
16 percent of the public in 1972 to 11 percent in 
1976. iFhis reaction was most often expressed in 
1976 by^titose who had not completed .high, 
school, and least often by Jhose with, some, 
college and thoie in professional occupations. 

Those wKo*felt that science and technology do 
more harm than good were asked to name tjrvo 
harmful things they have done.* There ivere too 
few respondents on this case , to produce 
meaningful quantitative results, but the greatest 
concern was -expressed in connedton yWith 
pollution and the space program, rersonal 
problems caused by science and technology, such 
as anxiety and dif ficul ty, in keeping up withrapid 
change, were alsd prominent concerns. 






* Opinion Research Corporation, at~ pp* 34-3$i 
f*~ - 
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These results can.be compared o^ly roughly - 
• with the answers pn Tables 6-9 through 6-11 
since both die questions and the dassificaHpp 
schemes fctf the answers \vere* somewhat * 
different StiDjt is dear thit medical advances 
■ vfeie the benefits died most often in Both . 
i^ sxirveys/Simlariy^^yironmental pollution was 
: the'main harmful effetf, according to- ttoth 
^surveys, by a wide margin-It is abo significant 
' that in both surveys a high percentage of 
- members of the public could not namje any. 
harmful effect of science* 

With regard to problems, most Americans feel 
tfthat sdencean<J technology have caused some or 
"■few of pur. problems, rather than most of them 
ox none of tnpm. Tljis is demonstrated by Table , 




- There is a strong and significant increase from 
♦ - ,1972 to 1976 jn the proportion who feel nonsof 

.• •* •• •- ■ . - 

.176 . ♦ ' 



ERIC 



our problems are due to science and techifology/ 
but little change in the number expressing, the 
other reactions. Overall, this would appear tobe 
a favorable trend in die public's ittitude toward 
spence and technology. 

Different demographic groups Have various . 
reactions to this issue. In 1976, only 9 percent of^ 

*thos?*8 to29years.of age felt that npneof our 
problems can be attributed to science and 
technology, which is relatively .unfavorable 
when compared with the 14 percent of the total 
population "wh^ felt {Iris, way. Results were 

^ similar for thdfe living- in the West. Gj& 34 

"percent of those who had jjpt completed high 
school felt that some problems are due to science 
and technology; since many in this grbup had no* 

% opini9n, this may mean that this group £s a 
whole is not well informed on fids issue. On the 
other hand, of »those who bad completed, some 
college, -56 percent blamed science for some 

* problems, 8 percent for none, while 2 percent 
had no oplniop. - Similar figures occurred with 
those in .prdf^skmal occupations. Sihc* it is 
fairiy noncommiM^fo Ham^dence for some 

, problems, th^seffi^es may inScate a high level ; 
of awareness thaFthere are current pipHems 
related to sc^eijce and technology, but it need not 
indicate a positive rejection, - * . 

Those with thelowest incomes ($5^00 or less 
per year) blamed science for some problems less 

^often than the average (37 percerjt).4FeWer « 
these said [no problems p9 percent), and more 
had no opinion ^16 percent). There is little 
consistency in.tfi^se results/ and perhaps^pr' 
underlying uncertainty is the best expknawn 
tor^tnem^ Non-Whites slid some problems 35 
percent of the timejoo problems 19 percent, and 
no problems 23 percent, whkh is very high arid, 

. by itself, very favorable. However,ihenumbg£ 
with no opinion again is high/and perhaps some 
nncerfenty is again bein|)£xpressed by these 

There have Been numerous * studied by 
. previous investigators that bear fcn the above 
resuiWWith rtega*i to Table 6-6J** Pottejand 

* M^tlay^ studied the California jkpfaGcjx in 
J9?2 * anjl 1974 & 'dgtermiiH^haw much (of a 

• change for die better or wbrse in life in'general * 
they b#ieved thaj each of five technologies? had 
made. The technologies were . household 
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appliances, automotive vehicles, automated 
factories, the space' program," and atomic 
. weapons. In 1974 computers^birth con+rol pills, 
and television were added. Only atomic weapons 
, received a Iar^gely negative reaction* Otherwise, 
the results were Kghfe favorable, the least 

* favorable being for the sp^prq^ram, where 61 
percent in 1972 and 65 percent in 197 4 reported 
that it xrtff&s fife slightly or very muck better. 

- The same authors- hav^ made further in- 
vestigations of fhe public's attitude toward 

sspedfe 4echnoIogies. w In addition there have 
be€n lianysurveys, going back to 1957, dealing 

* in a general way with the effects of sdenCe 
and/cfl^fechnologj^ 1 They support the general 
, Conclusion v that wie pubftq strongly fawre 
science and technology for the improvements* 
they have made in the standard of living. 
However, there is growing concern about their 
cultural side effects, e.g., on life-styles and 
values, and especially about the effects of new 
fechnologjes^ " z ' 

jVhile the pqblic believed that science and 
technology haveta some fashion caused prob- 
lems it is a further gaestion how they tfvoik thes? 
problems arise. Scientists and engmeersxarry on" 
th?ir activities wQhrff an economic atj3^ social 
framework that involves many othfer agents as 
well. In particular, decisions ar^ made within 
^ government ahd business that determine toV 
_ large extent how science ind technology will "be 
applied. When' this\ application produces an 
desirable social and economjc^effects, it is of 
^ Interest s t<^Jtnow whether the public Kolds 



scientists and engineers responsible,* or whether # • . 
'the decisionmakers are considered the responsi- 
ble agents. In 1976 a first step was made in^ 
assessing the public's opinion about. this^^y* 
asking those who had said that sdenceara^ - ^ . 
technology have caused at feast a few problems . 
whij& group is most at fault. Scientists and 
engineers were , separately mentioned as 
possibilities, since it is important to know 
whether the public hold? one group responsible 
more than the other. As Table 6-15 shews, most .. 
of the public considers government decision- , 
makers to be 'jHe group most responsible. ^ * .* 
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* The emphasis on government decisionmakers ^ 
is shared by aH*egments of the public. While this 
undoubtecHy reflects & critical pCblk attitude m 
towarcf government, much ofit may also be due 
to a feeling that^overnm^aedsionmakersare 
the most powerful group when" it comes \o- . _ 
producing serious social changes, business 
decisionmakers v/er^ a distant second at 14 
percent^ but rftey aredtedby 21 percentof ^Jiose 
with some coUege.education and by 22 percent of - 
those in professional occupations. These groups 
; cited government decisionmakers slightly less 
frequently than did die public as^a whole. 
Qyerall # technologists and -engineers were . 
mentioned slightly moreioften than scientists, 
but in Both cases the percentages are quite low. 

< 1 CAPABILITIES OF ^> '* 

SCIENCE AND TECH^OLOGY^ * , 

"% =' ' . ' ' 

Ariotli^r faoet of its attitude toward science 
> and-technolcfey is Ae public's feeling as tcryvhat 
th^ 'are able to accbmplfelu This is a matter of 
antidpajing: the future rather than 'interpreting 
the present or ihe-jfasL "While Table 6^14 $ti the ^ 
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last secfion is concerned wifh the problems that 
\ science and technology are thought to have 

caused, Table 6-16 below shows the publics view 

& their ability to solve problems- There isahigh 
. ^degree of public cohfidepce in the ability of 

science and tedinoiogy to /solve at least some of 
* oar problems- . . 




. In 1972, 30 percent had the most favorable 
feeling about science and technology, thai they 
will solve most problems. This figure dropped 
sharply in 1974* but aEout half of this drop was^ 
recovered in 1976, In 1972 ,4sq, 16 percent 
thought they will solve few if any problems, 
while Significantly more felt that way in 1974 
-,and 1976. Thus there evidently #as a declining 
belief . in the capabilities of science' and 
t^hriology from 1972 to 1974, with some 
recovery Tiy 1976** - - ^ 

Among relatedTstudiefe, public opinion was* 
_ measared in 195S on.* the issue of whether • 
science will solve our social problems, like crime 
and mental illness 12 Tljis was agreed toby 44 
percent In 1974, the survey of the California 
population previously mentioned asked whether 
relying only on scientific and logical thinking Ip 
solve sodet/S prottra© can only make filings 
mope complicated n Forty-5ix percent agreed or 
agreed strongly, 4 percent were neutral and 50 
.percent disagreed* or disagreed strongly Thus 
Table 6-16 and related studies show that,on this m 
issue the pablic is not as*favorably disposed 
f dward science and technology as It is on many of 
the bther issues. 

y As .was not^d in the discftssion of Table 6*14, , 
scientific and 'technological activity takes place 
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within a social and economic framework Hence 
one may wonder whether the response on Table 
6-16 means that the public expects science and ^ 
technology to solve social problems without help * 
ftom other fields, jdr whether they are only 
expected to make one contribution among many 
to the solUKon of theseproblems. One may also t 
wonder whether the public «xpeit» science and 
technolcg^te*? able to contribute more in some * 
problem areas than in others. A question to this" 
effect was introduced in 1976. As Table 6-17 
indicates^many members of the-public believe 
that saeftce ajid technology couldat least make i * 
major contribution in several problem areas, 
particularly health care and pollution^ 

jgThe two areas in which the greatest con- 
fluence is expressed are also those in wljich the 
public believes tha t science and technology have; 
1 done die most good and the most harm in the 
past, according to Tables 6-9 through 6-11. The 
typical member of the public is willing to name 
al>cr£r5areas of thel3 presented to him in which - 
science and technology could make a major 
contribution but only about 1 area where little or ^ 
no contribution could brexp«3e& AfodsTaU 
members of the public are ablg to desfgfiate afr 
least one.area in which a major contribution is r 
possible, while 39 percent are unable or unwill- 
ing to designate even one area in whi^h science 
and technplogy can make little contribution." ■ 
► suggest a high degree of confidence 
/science aii^l^hnolo^y^ ~ ^ "^=C 

[ Fdf tft most pprt, the areas whj^many f eel a * 
pjorcontfcibutionispossiHeai*^ 

where few feel there can be littfe or no 
contribution- The major exception is if! the arta 
of reducing crime. Trough this^nks third as all 
area for science and technology to make a major 
contribution, it is afco first in order among areas 
where little or no contribution is eSpectecL This, 
indicates some kind of disagreement among 
different members of the public Possibly many; 
who say that major coijtributions are possible 
with regard to crifhe thin^ of this a$ an area in 
which they would l&t to see some action taken, 
any action, to relieve the problems- Many wno 
£ay little or nocontfibubonispossiblemay mean 
more literally thattrime is not an area inwhkh 
science and technology can be effective. * 

' The same poirfbis suggested by the fealtiyely ■ 
low standing accorded todiircoverinj|heiyraic 
knowledge. Perhaps most of the public 66 not 
'feeLthat sderjpe aftd technology are good for 
Solving probfcmsin this area, but it seems more 
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lilvely that they do not Zee an urgent^need to 
'attack such prpblems. TaWes 6-9 and 6-10 show 
thafthe pubEc values science andtethnulugy for 
the social benefits that they help achieve, not 
because, it values basic knowledge, for its own 
sake. 2 * • ' 



' r • " PUBLIC PREFERENCES 
REGAJUMN(TSQENC£ 
AND TECHNOLOGY * 

'Since science and techtsrfogy are perceived to 
fiave r certain capabilities ai$f to cause certain 
problems, it isoi interest to ask what the public 
would like to see done about them. lit which 
'areas do the expected benefits testify the 
spending of public* money on science and-, 
technology? Should there be morevcontrol of 



" A related study, on the usefulneJt^f further 
_ technological development id solving various soda! prob* 
\us&, is reported in La Forte and MetJay, "Ptifefcc Attitudes 
toward Present and Future Tedinoios>eV S*t»bct**»aad 



science and technology ? TaHe V 17 al>fcve shows 
the areas in which die public feels .science and 
Technology could make a major contraction or 
little contributory Table 6-18 show& that the 
areas in which the jmblic would most and least 
like its tax money spent for. science 'and t 
technology Are rafter similar to the areas most * 
♦ and least favored on Table 6-17- * I 

The typical member of the public d ted about 3 
areas in whkh he would most like his taxes^pent * 
and about 2*in which he would least like such 
money spent, out of the 13 areas offered. *The 
preponderance of positive replies 'indicates a 
measure of public confidence in Hie ability of 
science and technology to help in solving 
problems. It is not as r great, however, as* the 
preponderance indicated on TaMe 6-17 of tHbse^ 
whb feel that science and technology */6i3d be 
effective in solving problems, TJfe -difference 
may be due to a reluctance to -see "tax ntonejr 
spent on public programs in general, By the same* 
token, there was a greater number of ^reas in 
which die public wouS least like money spent, 
^according to Table 6-18, than of areas where 
they would be ineffective, according to Table 6* 

,i7. • f ? 




lie rank ordering of tfieareasKstedtftvTa'Ble are space exploration and national defense. Both 
6-18 is much % same as on Table 6-17. receiye an' exceptional- number* of negative 

lfeweveiv^udn^eiime« OT ns tohaveahigheE, «sotes« J 

.priority than reducing and controlling pollution 
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Doubts about the , ability of science and 
technology to hj^tp in reducing crime are not 
translate into an unwillingnejg to see money 
$peM on the effort Tins is also true regarding 
improving education. This area moves upon the 
liskfrom six Aon Table 6-17 to fourth on Table 
6-18. Misgivings about the ability of science* and 
-technology to help^fasfchown on Table *6-17) 
produce few negative votes for the attempt f on 
Table 6-18X On the other hand, discovering new' 

*basic*knowledge about man and ^atui^xajiks 
higher as a capability of sdence and technology 
than as something the taxpayer would Ijke to pay 
forfThe fact that die rank orders are so much, 
alike tin the two tables donfirjns (Ehe injpression 
that TaSe 6-17 seally shows to a %ge extent the 

j areas inv/hkh ^be public would /lie work tp be i 
done. * 

There is considerable consistency between the 
' ^nK^stlike* and "least like" columns on Table 6- 
. I&Tb^areas usually most liked are very seldom 
leak liked, and inversely. The major exceptions 



TaHe-6-JS can be compared with the results of ^ 
A study that the National Gpinioa Research* 
Center ma3e in 1976 as part of^h^ir General 
Sodal-SutVey. The n&ain difference ,is that the 
General Social Suiyey simply asks whether we 
arc spending too modi or too little money in 
. ^certain areas/^dence ahd technology are not 
mentioned. The pyblicV feelings about expend- 
itures in these areas are indka ted,pn T^Me 6-19. 

, Only 7 of the 11 items oathe tabjecorre^pon^ 
to items oa Table § 6-18, The fatter does not list 
the problems ^)f cities, the conditions of Blacks, 
welfare, or foreign aid. In spite of differences in 
♦the questions, there is some similarity between 
' this table and the* response cm Table 6-18. Here 
the crime** problem rapks ah&d of health 

. — ■ ■ ~ ; - v , - 

***The same qotstkxi wa* mtd in the 1972 aw3 1974 
*srveys, but since ft was not pm^fed4n those year* by the 
quotjoa akxit fot&f&Q&a of *c**k* and tedbnofogv, the 
n^*ult* Are retjtnctly cocnfcnjLbk k> the 1976 r«»ulti-iW*n 
% on Taife 645* * • <i 
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' (perhaps because the Game issue is expressed in 
^ inflammatory terms), and drug addiction is 

* relatively more important in the NORC results 
r - jh^ n on Jable S^IS. For the most paritf however, 

* the Ordering: is quite similar on the two tables., 
t)n both, sp?ce exploration* and defense were 
among the leas? liked of the areas in which tax 
money might be spent* Thus it seems that the 
public Has a certain set of priorities in the 
problems it wishes to see attacked, whether or 
not sciertce and technology are part of that 
attack. It is conceivable, in fact, that the public, 
when asked about the problem areas in which 
tax- money should be ^spent for science and 
technology, had very little idea how sdence'and 
technology might bear on the problems listed, 
and that they were simply recording their 

. concern about die problems themselves. 



The public shows considerable confidence in 
the ability of science and technology to help £/0 
striving public problems* However, some public 
concern about science and technology is evi- 
jiiepced by the fact that about 30 percent wish to 
. see society's control over them increased. r 
* * ,t *** T 

,. # A plurality wish comryl to remain as it *s, but 

there % is also a sizable number wi^hjng Uj£ 




r 



control to be increased This number grew 
, between 19^2 and 1976, but so did the number 
wishing control to be SeereasecL In 1976, the 
desire, to see control increased was especially 
grcai among professionals (41 percent) and lovi 
among farmers and farm>|aborers (18 percent)* 
those 60 orover (24 percent), and those living in 
rural areas (25 percent). Those who especially" 
wished control to be decreased included those 

living in the West (16 permit). 

* * > * 

While there is some public interest in con- 
t rolling scienc e and technology , it is important to 
kncv. whether there is a stronger feeling abolit 
controlling one or the other. A question^© this 
effect was asked in 1976, with the result 4 
indicated on TaMy 6-21, Very little difference 
was discoyeredTJetween the need to control* 
science and the need to control technology, in ~ 
the public's view7 . . '"> ' 




This table should be compared with TaWe 6- 
IS, which also differentiates public attitudes 
toward science and toward technology. In both 
cases the percentages of -those critical of science 
and technology are quite low, but there is 
#* somewhat mure concern*about terminology* Also 
in the case of both .questions, there is a # 
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significant demographicgroup that is somewhat 
1 more worried about technology. Thus 11 
percent of thpse with some coffegeeducationand 
^Zkpescmt ofprofessionais thought in 1976 that 
IPs more important fo^ontrol technology. No 
group had that strong*a percentage in fevor of 
controlling sdencel Of the lowest income group, 
below $5,000 per year, 27 percent had no 
©pinion; 26 percent of the rural respondents and 
those 60 or over 4nd23percentofthosewho had 
- 9 not completed high school also had no opinion. 
* * This suggests* that these groups ace uncertain 
about die difference between spence and 
technology- ; " 

: There >yere 20 percent of thetotal^ublSc who 
x thought neither science^ nor technology was 
more in need, of control, which suggests that 
thesepeople wanted to seeless control of sdence 
and technology than there is now* But this 



greatly.exceeds the 10 percent recordedon Table 
6-21 who felt in 1976 that control should be 
decreased. Presumably public attitudes are more 
consistent with regard to more specific issues, 
such as fiie problem areas listed on Table 6-18. 

Hie question whether the public distinguishes 
science from technology was also discussed by 
Etzioni and Nunn, 1 * who did not find tha£ it 
makes such a distinctipn, and .by La Porte and 
Metlay, 17 who did The latter authors used a 
number of questions in 1972 and 1974 that probe 
the public's desire to control sdence or 
technology- * - 



** Etzioni and ftann,*** pp. 19SL 
«■ U Forte and MttUy, Thq Wtfd mad W*dr* e? df. 
Chapter, IIL * * / - 
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it. . * , Table 1-2. Sclentfrt* and engineers'* engaged in- R&D by country, 1965*75 

- - *,*■ - - *- - -..■>.- «^ - - *-_g ; - - < - <- ^ 

^c-s- y -CoQ8tQj.U..-J9i&- :.19g6. . jg67. _ 196^ 1969 ^^J 97 - 1 ^r' 19 "- * 19 ?" 4 1975 :> ' * 
l' - - - • '• - - f ScTentista and engineers 1 engaged in HSO per 10.000~ popurati"5n "~ "; ."/ T^T"* 

, ' ^.Canada..^Vvh,J- 7,7 " NA -.95 " <t>.0 ' ♦9.6 £.10.4 134. «| .NA - *JjV - 

. France . &8 - -S3 105 ,10.6 IDS 11.6*113 113 11.| "NA , r NA ; 

" v." - '.W^ermany ^9.7 10,1" 103 -113 - 123 '.135. 1£7*. 15.4 * 16^S ; ■* -IpJ « - 

- .JaSr!^.^- "> tO 159 ..133 453. 153. 163 18.4 183, 2fc\, 2lS .... -NA- r_ 

* HKv« , ;25.4 263' 263 27.4; 273 26.8 55.6 , |*6* 2 4S^ 543 

* U^SA\..i>w 513 .233 . 23.7 " 273 2Sr ^30.7 J56 545 1 37^ 435+ j '; 

- * . - * * - ■ , ScjefitjsfeanO ^gln^^eng^ed^R&aC^ltxtean^) " ^^,? / * 

-- Canada.. ' 131 NA- 193 NA 21.0\a3.4 ■] 25< * 258 ' 235 ~NA Na";' 
t i^Franw 458 45.7* " 50.>- * §3.1 54.7 j^WT" 603 61.6 

• -Wet Germany...!- 57.0 .60.0 .63.1 63D 763 % 85Q -305 95:0^ lOtO. a«02ft -'*m ». . 

- Ta^v .^.d .,118.0 129.0: 1^.0 358.9 157.0 1750? 1940 1«tf ^ 22»- .^SMTf 4 - v « 

• -. UnHedKingdom ... 54.6 Wt: .-NA 433 NA NA NA 77,1 NA ^- • 

Unit53 Slates 494.1 521.1 534,4 5J0.4 5^2 5493 52S8 521S ^A^^f 

. U33.R. .499^4 5584 6053 6513 ^89/ 7465^ 7973 ^ » w ^ W° V; 

^ , T ; v . ^ - ^tCTlatk»i{irf1hou^rvds> - ' " - ''^ '* j ' ■ * { '* 

- Canada 19.680 20.050 20.410 , 20,730 21/W0 2132Q 21368 Zi850 25130. .25090^ 52.80T ' ' 

France 48.760 .49.160 49350* " 4991 CL 5fJ320 . 58.770 "51550 S1?pp.- 5130? ^55410' 52^ 

West Germany .... 59.010 59.640 59.370 60.180 60,850" 60.650 61590 61.670 613» = .^50g' 613 . 

. Japan 98380 99.7S0 , 160.830 101^60 103J70 1043^0 105.600, 106360 107.370 108.^0 ^P.]g> 

. "United Kingdom ... 54.180 ,54.450 54,750 55.050 55570 55.410 55.505 v 55.800 55.930 -36^.56.427 

, Un^StateT!..... 194303 195.560 198.712 200.706 205677 204.875 207.045 208.842 210,895 211,910 ^3,925 * * 

u'ksa 230336 233,533 233394, 238317 240.554 245.757 245.083 , 247,459 249,747 255065 2S4.3&3> 

^ ^ : 1 ^— _ ^-^^ 1 ^ x * " : - - - . ^ v 

^ ' - * , ^ - v cs a , a 

3 jncSiKtes ail scientisis ano engineers on a tuli-tsme-eqyrraJent b # 3S<s (except %K Japan w^ose da& jhdo^pertoni-pnma^ 
/ . eippwyfid in R&D and the Untte0 KiogcJom ^hose d^ta inc^Je 6nly4he government and Mustn^e^ooX^ ^ * 

^ - . V NOTE-Estimalesare sncwn fo* all countnas lot V974 and t^75 and ^the' UfiUed States foe 1%6 and 'l9w v ^ " _ /. ^ _ ^ 

SOURCE diiita* Nations. Demograpmc Yearbook. pfltfl, and United jia^ns Potation Dws^ De^^^ ^ 
Economic and Social Attain>. Sefecwo Wort) DemogsaphK hicat^s by Courtnes. 1950*2000, 1975. Oniteo: Staler NaWiaJ ^ - 
. Scier>cef ourK^lKm^anona/^nems of HSp Hesou/ces. (NSF 76^310}. p. 3Z U^S.R. Robert W Campl>efl. 0»a^fnent . 

ot Economics Indiana umvefeity. and Gouncn lot Mutual Economic Assistance. Statistical Yearbook of th$ Me wtw Countries, ♦ 
. 197.T and 1972. pp. / and *L Otnei cpvnu#es. Mauonai ^cteoce Foundation, Division of Scieoce Resogn^^ole^ wastries ^ yr_ 
'"^ ' -;Studfes Group, linpublished data,. n ~ * ; v - -> » ^ .V ' r^" >% : 

- : < S06FigBreV2firtext - - ? % V , * *■ ^ / * ' * 

.* i - • - - " ^ ; * ; , ' - - - - ' r ; - - - - ? 

/ * "~ 9 - - ■ • i * . - - C -J* 

TaWi 1-0, EsUmatod dhtributkin pf Government RiD^penditures »mpnsr v , / : . ./^ ^ v v." 

, " - - s*\t&td areas by country, 1961-73 . ~ * <t ^ ' ^ ?* ^ 

• National objectives National currency m millions *\ * Percent^isiri^Udnjf ,^ < ? ^ -..^ 

Canada *j\ 19&1-62 T966-67 1^70-71 4574-75 _ ,3961^62 ,1966^67 ,^^74^^75 r: ? 

- % ^ NatlonalxJefense---^---- #7.9 51^ 24 3 ^* ir * f > 

- Spaed .;.iT^ NA ^«.0 ' 7$ 3|4 ^ 2. -t - S 

EnerpvprobHcGon ........ ^0.4 - 693 98,6 _ 11^ . 18 2t c19 . , 14 ' - % t _ 

^ * Economic devetopment .1. mo 1433, ' . 356-9 46 - 43 J fff, W - ; 

* • : CommCinItysefv}ces^.. A . . S ?2 - 13.1, 97 J * - —i" f ^ ^n* 

*- A^an<»meMdfKnov^e^ 13-5 ^ 26.8 44^ ,85.0 8 3 , 8 ' 1 P 

" . L - -- . ^ • * . v . - v , - 

- --j * ^* * » . - (Continued) - v ; . ^ . y x 

- ^• '186, j'./r - - 1tnn , . -V . 

ERLC -- . ; ; ^ - - ^'V' b v-i. -'' ;K 




.Table 1*3. (Continued) 



National objectives 



J_ 

National currency in millions 



Percent distribution 



# - jriaflCf? * ^ 


. l90T 


iyo7 


* 1972 


1975 


1961 . 


1967 5. 


1972 ' 


/ *1975 






O.Uo2-U 


1 AC A ft 


\5.00u.0 


44 * '» 


J. 35 


28 v . 


. • 30 




1§.5 


-522.8 


"* 7300 . 


942.2 




6 


7 


6 




735.0 


1.J23 2 


* 1.600 0 


•1.453.0 


a- 


^ 20 


15 


9 


; • Economic development 




1.381.0 


2.2000 


• 4,^4 


• 8 




^ 20 


26 




- iio f 


. 116\1 


200,0 


k 680.2 ' 








4 


x * Community services ^ 


12.7 


81.0 


170.0 


328? 


'A 


+ , 1 . 


. 2 




V : . * * Advancement of Knowledge 

" **■ 


592.3 


1,758.1 


2.800.0 


4,072.2 


20 




. 26 


24V 


J-V . Japan * s 


1961^62* 


1965-66 


7969-70 


1974-75 


1961-62 


1965-66 


1969-70 


1974-75 





$ i'6Z0 . 


4.495.0 


6.&3.0 


15,809.0 


4 


3 


2 


2 




* * 


141.0 


' 2.083.0 


37.090.0"* 




n 


1 


5 


, Energy production 

. Econotnic development , 


5.881.0 


4.944.0 


22.5390 


59.4090 


7 




8 


« 8 


. 25.446.CT 


44.698.0' 


69.987.0 


161.796.0 


30 


■ £ 




.23 


Health,'*... :r.- 


724.0 


3.679^) % 


" 5.492.0 


21.424 0 


A 


2 




* 3 


Community services 


1.071.0 


x 2.8180 


7,254.0 


18.129.0 


1 


4 . 2 


. 2 


3 " 


* Advancement of kpowledge * 


47.321.6 


103.163.0 


185,376 0 


388.700.0 


,56 


63v - 


61 


55 


United Kingdom 


1961-62 


1966-67 


1972-73 


1974-75 * 


1961-62 


1M£B7 


1972-73 


1974-75 



National defense 

Space ...5 

Energy production 

Economic development 

Health ./v.. 

Community services ...... 

✓ Advancement of knowledge 



248.6 
2.7 
56.5 
37.9 
57* 

2&0 



260.4 
21.4 
65£ 

.709 
133 
£2 
584 



33£8 
15.3 
696 

182 3 
391 
*8i/ 

1-21^ 



5031 
225 
68.6' 

230-6 
226 
13.1 

214 9 



65 
1 
15 
10 
2 

7 



52 
4 
13 
34 
3 

O 
"12 



43 
2 
9 

23 
5 
1 

15 



47 
2 

. 6 
21 

2 
1 

-20 



Umted States 3 t 


1961-62 


1966-67 


1971-72 


1974-75 


* 

1961-62 


1966-67 


1971-72 


1974-75 


National defense 


7.3383 


8.264.8 


8.534.7 


9.620.9 


71 


49 


53 


51 




1.225 9" 


5.307 0 


2.957.6 


« 2,511.3 


12 


32 


18 


13 




755 0 , 


875 0 


8380 


* 1.1639 


J 


5 


5 


6 


Economic development ... 


339.1 792 3 


1.3221 


1.784.2 


3 i 


. 5 


8 


9 


. Health 


5006 


S 968.8 


1.379.8 


2.247 4 


5 


6 


9 


12 


-Community services 


999 


321 1 


729.2 


954 8 


1 


2 


5 


* . 5- 


Advancement o*f kpowledge* 




. 3036 


465 4 


761 9 


1 


2 


' 3 


;4 . 


.West Germany . 7 


' 1961 


1966 


1971 


1975 


1961 


1966 


1971 


" 1975 




331 0 


♦803 0 


1.180 0 


1.4050 


. t ... 

22 


19 


' 15 . 


11- 






177,0 


522.0- 


539.9' 




J 4 - 


P 


4 - 


Energy production" 


267.0 


693.0 


1.230.0 


"1.342.9 


16 


1 16 


16 


11 


Economic development . . . 


NA 


*NA 


1 .057 0 


U29 5 


* NA 


* NA, 


13 


. 14 


Health'.................... 


-NA 


NA 


195 0 


414.6 


NA 


NA 


3 


3 


Community services 


* i NA. * 


NA* 


- 133 0* 


748 7 


NA 


NA . 


2 


6 


.Advancement of knowledge 


6390 


1 .488 0* 


f 3.190 0 


6.430,7; 


37 


, 35 \ 


,41 


51 




1 »i 








1 , * — 
* * 









* Less than 0,5 percent ' * *" - 

* * Excludes general university funds. * « • * * 

, . 1 F unction categpnes are not the same as tlwse of Append. a Tabte 2 S 1 . e*g . Advancement of Knowledge does not equai 

* * "Science 'and Technology base/* m * . ^ • - 

0 NOTE- Percents may not tota i 100 Oecause of exclusion of the category Not specified and, or due to rpundmg 

SOURCE- Organisation for Economic €vrtfpeiatiOfi aipd Development. Changing PtiQuims tot Government R8eO\Pans . 
. 4DECD. 1975). and OEQO. im&rnahon^i £>tahsuca* teat 1 973, The Objectives of Govowwent f undmg. 19/0-76 voi 2B 
{Paris: OECD. 1977), - ' r ± " ^ 



See Figured-3 in text 



187 



J. 



1^3 1 



Table 1-4. Distribution of pubHcationsMn U.S. Journals 
• and country of author, 1975 



Percent distribution by country* of authors 



^ . * Att 

United -Unjled West "~ - - . other 

Field 2 Numb er .States Kingdom Germany France U.S.S-R. Japan Canada countries Total 

.All fields 1'17.362 73 * 4 * 2 2 1 -3 

Clinical medicine - , . . . .34.316 79' 3 1 1 p) * 2 

Biomedical research . J 6,884 ' 71 4 ^ -2 3 P) 3 

Biology x., ...... 10.697 82 2.1 } P) 1 . 

Chemistry ..." 13.215. 55„ * 5 3 5-3-7 

Physics........./.-.. 1S568 * 66 4 4' % 4, 1. 3 

-'-Earth and space 

sciences... 5.523 76 3 - « 1 1 1 1 

Engineering and , 

~* technology 13£39 7t 5, .2- -1 1., 3 

-f>sychology §.588 84 3 P) P) PK m P) 

M^ematics 3.726 73 4 - £ 1 _ - P) - 1 



5 
4 
4 
5 
4 
4. 



/ 



12 
11 
12 

9 ~ 
x 17 
I 4 

a 

11 

11 

6 

12* 



- 100* 
, 100 
100 
• 100 
" 100 
100 

10b 

100 

-100 



• * includes n 7,000 articles, notes and reviews from, the irtfluenffcTfts. journals in the Science Citation (ndex Corporate 
Tape. 1975. Corporate tape oaia used throughout this. section include only those publications carrying the authors placeo* 
employment or affiliation. , 

*See Appendix Table 1-5 for the stMields included m these fields. - . 

* Less than 0.5 percent ' ^ „ . * 



NOTE Detail' may not add to totals because of rounding. . 
SOURCE Computer Horizons, fhc^unpublished data 
See Figure 1-5 in text * ^ 



Table 1-5. Fields and subfields,of international scientific literature 



- 'Conical medicfcie • , 1 
V^sflfc*?* and -Internal medicine 
Aitergy 

Anesthesiology k 
Cancer 

Cardiovascular system 

Dentistry * • - « 

Dermatology & venereal diseases 

Endocrinoiogy 

Fertility 

Gastroenterology 
Geriatrics 

Hematology - ^ 
^ Jmmunology t 
^ Obstetrics gynecology ^ 
Neurology &- neurosurgery 
Ophthalmology 
^ Orthopedics J 
4 Arthritis & .rheumatism * 
^ Otorhinoiaryngology. 
Pathology * 
Pediatrics 

Pharmacology * 7 
Pharmacy 

Psychiatry * 4 p 

Radiology & nuclear medicine 
Respiratory system 
Surgery 

Tropical medicine 
Urology 
Nephrology 
Veterinary medicine * 
Addictive diseases 
Hygiene & public health 
Miscellaneous clinical medicine 
Biology and biomedical research " 
biomedical research 
Physiology 

• Anatomy. & rnbrphofogy 
Embryology 
Genetics & heredity 

. Nutrition & dietetics 

Biochemistry^ molecular biology 
Biophysics 

CeU biology cytology & histology. 
Microbiology , 
Virology . ' - .. 
Parasitology * 
Biomedical engineering 
Microscopy ' 

Miscellaneous biomedical research 
General biomedical research/ . 
Bfoiogy-- % _ ' • - 

Genera] biology . r • \ 
- General zoology / * * 

Entomology 
*- Miscellaneous zoology ; 

Marine biology & hydrbbtolb&y • 
Botany,* / . * 

* Ecology ♦ / ' 
- Agriculture A food scieVice " 

Dairy & animal-science . ?* 
Miscellaneous biology , 



Chemistry * - " " .**".' 

Analytical chemistry ^ / » 

* Organic chemistry - 
K Inorganic & nuclear chemistry 
Applied chemistry. 
General chemistry- 
Polymers • 

* Physical chemistry 
JE>hys1eV* 

- Chemical physics - . 
Solid state physics *- ' 

Fluids & plasmas \ 
Applied physics 
Acoustics 
Optics 

General physics 
Nuclear & particle physics 
Miscellaneous physics 
Earth and space science 
' Astronomy & astrophysics 
Meteorology and atmospheric science 
Geology 

-Earth & planetary science 
Geography *" * . 

* Oceanography & limnology 
Engineering and technology . ^ 

"Chemical engineering - * 
Mechanical engineering ^. 
Civil engineering 

^Electrical engineering & electronics 
Miscellaneous engineering & technology 

* Industrial engineering 

General engineering * 

Metals & metallurgy- _ 

Materials science " 

Nuclear tecfmology ■ 

Aerospape'technology * 
r - Computers * 

Library & information science 

Operations research & management science 
. Psychology , ' t * 

Clinical psychology , . 

Personality^ social psychology * 
. Developmental & child psychology 

Experimental psychology * 

General psychology 

Miscellaneous psychology 

BehaviqraJ science » 
c Mathematics^ 1 - - * 

Algebra * 

Analysts & functional analysis - 

Geometry # * 
" Logic 

Number thedry 

Probability 

Statistics 
. -Topology ^ ' ► 

bom puling theory^, practice 
. Applied mathematics 
„. Combinatorics &fln1|e mathematics 

PhysicaJ mathematics 

* -General mathematics 
Miscellaneous mathematics' J 



) 



T«We-1-6. Citations from the publications*©! alt countries to previous 
, ' U.S. pubtieationsrby country and field, 1975 - • 



Jfcfc- 



Couotry of citation to U.S. publication 



Field 2 



Aif V&S&k XJnrted .West 
countries Slates Kingdom Germany France 



U.S-S.R. Japan 



All _ 
' diner * 
Canada countries 



" All fields 1.847,512 

Clinical medicine ....... 593,352 

Biomedical research .... 455.557 

Biology ................. 115.191 

Chemistry ............ ^ 206.228 

Physics...: 230.465 

Earth & space sciences .. 92.533 
Engineering & . 

technology ...t. ...... 69,802 

Psychology . r. r . 5^334 

'Mathematics m 26.800 

~^\\\ fields 100~ 

Clinical medicine ....... „ 109 

; Biomedical research .... 100 

Biology /...* — ........ " 100 

Chemistry .............. 100 

Physics ' 100 

Earth & space sciences .< 100 

Engineering & 9 „• % 

technology . . . - * 100 

Psychology ,........'...» .100 

Mathematics. 100 



885.613 173.286 
305.273 . 



217,549 
^9.726 
71.312 
94.450., 
5Z650 

33.63T 
37.032 
13,990 



44566 
11.535 
23,369 
19.236 
8.340 



A78 
132,80 

»00 OA 



dumber - 



5.783 
teZBQy- — ^.784 
1 23.847 20583 
4.286 3.650, 
13.503 11^8 
16.075 ■ 13.052 
3.39S ^3.546 



49.833 82.778 

6.457 17.335 

10,119, 2&203 

1,130 3.227 

m431 16.616 

15.467 / 1<426 

3,025 a0Q4 > 



6.261 * 3582- 2^50 
3.386 787 768 
^290^ 1.452 1,122 



3.271^ 
302 
63f 



4.416 
554 
797 



85,714 
23335 
20.310 
8,821 
9569 
9,427 
4.801 

3.798 
3*496 
1.657 



Percent distribution across countries 



9 
9 
10 
10 
11 
8, 
9 

■ -* % 

9 
t 7 

.9 



5 

5 
4* 
* 7 
7 
4 

5 : 
. 5 



5 
5" 
5 
3 
6 
6 
4 

3 
1 
4 



A- 



2 
1 
5 
7 
J 

5> 
1 
2 



4 

,3 
5 * 
3 
8 
6 
2 

-6. 
1 
3 



5' 
4 
4 
8 
5 
4 
5 

#7 

^6 



384.399 
129562 
96.431 
22,816 
49.879 
,48333 
14.768 

12591 
. 5.158 
% 4.861 



21. 

22 

21 

20 

24 

21 

16 

18 
10 
18 



, From a study ot^over 276.000 articles, notes and reviews from, the 2,400 influential journals of the Science Citfon Index 
Corpdraje Tape. 1975. - j- * • r % * » 

* * See Appendix Table 1-5 for the subnelds included in these fields. , , 



. WOTE: DetaiJ may not, add to totals because of rounding. 
SOURCE: Computer Horizons. I.nct unpublished data, 
jSee Text Table 1-6. * A 
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Table t-7. Distribution of the publications* of U.S. authors by country of journal and*field, 1975 

- lJ_; I _^ 

S / Percent dist nbution by country of journal 

• ; ■ w z » 

* * ^ * \ * ■ . All 

- - v United - United West * * other ' 

^ FiekF m NumSef States Kingdom Germany France US SR Japan Canada .countries TotaJ 

Al! fields 105.940 80 8 J 2 * f>) P) P) i g log 

CHnicaJ medicine 3Z276 84* .6* 2 JP) ^ p> p) 8 100, 

C Biomedical research 16.310 13 12 **3 C) — v «p) 1 10 100 

Biology.; 10.866 ' 81 m , \Z ' V) - P) 3 4 100 

Chemistry ........ . 9,459 76% r 8 ) 2 hP) * p)' P) 13 100 

- Physics ............ <M,642 ' 76 5 ' 1 p) % p) i p> * 17 100 

Earth & space _ - ' ^ - 

. sciences^. ....... 5^19 SO . "8 3 - Pi P) " 1 8 100 

Engineering & ... . - „ 

technology*.- 11.166 88 6 f) * -p) - p) 1 ' 4 -TOO 

Psychology 5.275 89 '10 . {*) P) — p> p) * 1 100 

Mathematics,..*... # 3.729 73 6 " 7 1 • 1 3 8 100 

* fncljdes 106,00X3 articles? notes and reviews written t^yS authors *n the 2*400 influential journals of the Sconce 

- Citation Index Corporate Tape. 1975 ' r . 

7 See Append«%Tabfe 1-5 for the subfi^ds included m these fields. 

J Lessthan 05 percent , ^ • " 

NOTE: Detail may not add to totals because of rounding * 

^ * ^SOU^CE-Compu^Kcrsdhs. Inc.^ unpublished data - 

See Figure 1-8 in text. 4 f % 
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1-8. Citations from U.S: publications* to previous pu^ncations, by cited cotmtry*4nd 1975 



'"All 
countnes 



Unsied, 
"States 



United West ' 
Kingdom Germany 



Cited cduntry 

5 



France * U.S.S.R 
Number 



Japan 



All > 
other 
n tries 



AHfields 1.531.322 885.613 

Clinical medicine^ 465,380 305J&73* 

8ic>medicaJ re^earcftt .... 384,653 217(549 

Biology ...*/. w -k.... 99.440 §£.726, 

^Chemistry .*.J 166.599 71.312 

Physics w-.Jf,.-.. 184,006 94.450 

" Earth & space sciences' .. 83.722 . 52.650 
Engineering & 

technology ....if. 55.795 33.631 

' Psychology 47.352 % 37,032 



Mathematics 



All fields 

Clinical medicine ...j... 
Biomedical research .... 
, Biology — 

Chemistry 

/ Physics mm 

Earth «& space sciences . . 
Engineering & % 
technology c* — . — 

Psychology 

Mathematics ....... 



24.37$ 13.990 



15?,493 
5Z641 
40.919 

9.703 
17.349 
13,254 

7.638 

5.949 
£768 
Z277- 



59.332 
10.830 
17.307 

2.880 
1Z109 
10.495 

Z18S 

Z079 
292 
"t.154 



48.112 
9.257 

14.280 
1.942 
8510 
9.411 
Z32t 

3ia 

1:065 



21.071 - 50.397 
843y "11-555 
3.207J 13.873 
"394 2.665 
4.23> *10,282 
9.031 1 8.005 
1.683, , 1.418 

1t065^?"l.83i 



23f 
588 




171 
597 



71.736 242 
1747? v-77,1 
16,840- 60.* 
7,16*w 14^ 
8.84$ £ 33,955 
8,340 <T '31.020 
. 4373 11.254 

2.970* % 7&4 
4.021 S2,727 



Percent distribution across countries 



100 * 


58 


io- 


♦4 


3 


1 


. 3 


5. 


100 


63 


ii 


2 


2 


O 


2 


4 


100 


57 


11 


4 


4 


- ' 1 


4 * 


4 


100 


60 


10 


3 


2 


e> 


3 


7 « 


'100 m 


43 


10 


7 


5 




.6 


5 # 


100 


51 


J 


6 


5 


- 5 


' 4 


? 5 • 


100 * 


63 


9 


* 3 


3 


2 


2 


• 5 


100 1 


,60 


11 


4 


2 


* 2 


3 


5 


,100 


78 


6 


1 , 


1 






S - 


-100 


57 


9 


5 


4 


2 


2 ' 


6' 



Based on 106.000 articles, notes ano reviews mitten Oy u-S- au^ors *n the 2,400 influential journals of the Science CUatiofc 
Ipdex Corporate Tape. 1975. . - f ' • m . ■ \ - 

. 7 See Appendix Table 1-5 for the subfields included *m these fields, * # * " 

i Less than 0.5 percent .* * ' / 

NOTE: Detail rriay not add 1to totals because 1 of rounding ^ , , , 

* SCXJfiCBComputer Horizons. Inc. unpublished data. \ 

* * .. . 

See Text Table 1-9. Jt • • , 
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* Table 1-9. Publications' bf U-S. authors which were co-authored at dfff ereni 

~ ~ - institutions or organizations by field andxountry, 1973 - r*' * — " 

" Er\gt- - - • \ 

^ • ^ * -Bio- * , Earth neering 

w # Type of co-authorship 1 Alf Cfimcal medical r * and space and Psy- Mathe- . 

* and country fields- medicine research Btoiogy Chemistry Physics sciences technology Oology rnaues 

"AH US. co-authorship 35^92' 15.413 5.559 2.862 2.030 3,411* 1,804-^ 2.347 1.217' 949 

Internationa] co-authorship . 4,920^ 1,166 814 442 - 492 ^805 \ 9 424 * 342 116 320 ' , 

~ United Kingdom 786 ' 172 139 50 78 155 , 74 * 51 15 50 

~ West Germany 433 91- 79 27 41 97 40 2tf .6 22 > 

France - 1927 64 57 10 45 <: 83, v 27 14 2 19 

VJSSM. . 33. - % 3 5-3,1. 7_ 9 2 T 2 

Japan . 313 75 61 27 43 * 43 22 " 25 — , 17 

Canada-* ....\.\ '793 167 103 79 80 * 89 83 70 57 65 

All other countries . . Z235 594 » 370 246 204 326 169 152 . 33 145 

- — —~ « -< = ? — —- : ~ ~ ~ 

Articles, notes and reviews from the 2,400 influenzas journals of the Seance OtaUon Index Corporate Tape, 1973 
* Cooperative authors-nip as cetineo ft ere *nauCes puDncauons yvnp^e authors weie affiliated with different organizations 

international cooperative authorship <s indicated when the authors affiliations, are from different countries. 

' See Appendix Tabie 1*5 for subfields included in tntse fields. % * - ; 

NOTE: Detail may not add to totals because oi rounding. * t ^ ■ 1 

SOURCE: Computer Horizons, Inc., unpublished dati / , 

SeeBgurel-IOintext . * ■ 



Table 1-10. International cooperative authorship 1 of U.S. publications 2 
aV^a percent of all cooperative authorship by U.S. authors, by 
country and field, 1§73 





*- v t 

Number of all 


Number of inter- 








cooperatively 


* national cooper- , 


Percent 






- , „ authored U S, 


atrvely authored 


inter- % 




Field 5 


publications 4 


U.S. publications " 


national ' 






# AHJieTds..., 35.592 

Clinical medicine ..... 15,413 

Biomedical research . . 5.559 

, Biology ,.r " 2,862 

Chemistry v . 2.030 

Physics .... 3,414 

Earth \$pace sciences 1,804 
o Engineering & 

technology .......... 2,347 

Psychology ' 1.217 

Maihemahcs *949 



4.920 


* 138 


1,166 


v ■ 76 


814 


14 7 


442 


154 


492 * 


* -242 


805 • 


< * 23.6 


424 


^ 23 5 






342 


• 14.6 


113 


* 9,3 


320 


337 



' International cooperative authorship is defined as the coauthoring of a publication by 
scientists and engineers whose, places of employment or affiliation are indifferent 
countries. * ' . 

* Articles, notes and reviews from the 2.400 influential journals of the Sctence Citation 
index Corporate Tape, 1973. <. V * . ■ - 

9 See Appendix Table 1-5 for sobfields included in these fields, * • 

* Cooperative authorship as definedhere mcludfe pubfications whose authors were 
affiliated with different organizations. ^* t , , 



NOTE: Detail may not ado* to fotals because of rounding 
SOUHQB: Computer Horizons, Inc.. unpublisheo«dat2L v 
See figure 1-10in texL> * 4 \ 



1 



, 193 



,er|c 



J 1 ~ 



t : 



Table 1*11« Participation In interna Oonarsdenlific 
\. congresses, 196J-76 ^ 



Number Total\ ^ US. Non-U,^ ^ 
~# — — v Sartici- partick, 
pants * pants 



* Year 


/ gresses 


panels 


ia61-62 . 


.<...* 17 


25.811 


1963-64 . 


«2b " 


26385 


196666 . 


24 


41.417 


1967-68 . 


26- 


29J10 


1959-70 . 


.... ' .23 


37.494 


1971-72 . 


31 . 


433© 


1973-74 . 


52- 


48333 


1975-76 . 


41 


48.995 


Total 


.... 239 


3023)48 



6J38** 
-729 J ^ 
6.876 
8,142 \ 21368 
9.936 ^ 27306 



1?.073 
19.294 
34341" 



8.309. 



35,094 
35.342 
38.017 
230.437 



-i.- • • • 



. SOURCE" National Academy of Sciences, unpublished 
data . , 

See Figure 1-1 1 in text 



Table 1-12. Number of Nobel Prize, laureates 



ki science Iraffefc 



field and by country, 1901-76 1 



* * 

Period 


Total 


United 
States 


* 

France * 


West < 
Germany* U.S.S.R. 


United 
^ Kingdom 


Other 
countries* 








Number of laureates in physics 






1901-1915 

1916-1930 «. 

1931-1945 

1961-1976 3 v 

Total 


20 
16 
13 
25 
32 
106 


1' . * 
_ 2 
4 

^ 13 
17 
37 


4 

' 2 
2 

a ... 


- 5 , — - 
5 - — 

? - 
— 3 ' 
2 3 • 
14 4 , 


4 ; 

3 

" 3 - 

/ X 

* r^2o- : 


. 6 

4 - 
* 4 

3' 

21 7 


* 






Number of laureates In chemistry 







1901-1915 
1916-1930 
1931-1945 
1946-1960 
1961-1976 
Total . 



190M915 
191&4930 
'1931-J945 
1946^960 
196W976 



16 


1* 


- 4 


6 




2 


3 


12 






6 




3 


3 


f6 


' , .3 


. ,2 ^ 


6 




*2 


-3 * 


20, 


*, ' 8 




3 * 






2 


,25 


9 


t I ' 


3 




8* 


:~ 5 


' - 89 


21 


6 


24 . 




21 


16 , 


dumber of laureates in physiology/medicing 


is 


1 


^ 2 > 


4 . 




' 1 


6 


13 


1 




1 




2 


8 


2o 


7 




3 , 




6 *; 






17 




1 




2 


9-- 


40 


- 21* 


3 


.3 


— * 




5. 


11g 


47 


6 


12 


2 


19 


"32 



■ Presented by location of award-winning research and by date of award., . 
^fncludes Eas%$ermany< before 1 946/ 

'Ti^ispenod cc%ists of 16 years rather than 15. , 1 

SOURCE: The Nqbel Foundation, Les Ffbc-Noteh annual series, and others. 
See Figure 1-12 irHexi - 
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Table, 1-13- Total NtfbelPrfee laureates In chemtstry r physics, and physiology/medicine j 
a . * ' • for selected countries, 1901-7§' « " - ' 



"Period 


Total 0 


United 
Slates 




52 ? - 




41 


3 




49- . 


14* 






• 38. 




97 


9 47 




>. ' #313 • 


1(6 



i$oi-i9te 

1916-1930 
1931-1945 
-1946-1960 
1961-1976 3 
Total . 

" r ; 

1 Presented by location of awa rd-wl n n i ncfcres&arch and by date of award, , , 
3 Includes East Germany before 1946. 

* This period consists of 16 years rather than 15, . „ +, 

\ , - . * • ■* ; 

SOURCEfiThe-Nobe! Foundation. Les P/#x rVooe/^annuai series: and others. 
See Figure 1-13 in text - , - ( " ' 



France 


-V/est; 
GerrnanV?- 




United 
•Kingdom " 


Other 
countries 


10 


15 




• 7 


15 




12 


— . / 




\ 15 




11 




-11 


* 11 




, 4 . 


"4 \, 


14 ' 


*14 r 


5 < 


8 


'3 ' 


■ 20 


14 


20 


50 


■ if- ■ 


60 


& ; 



/ 



• > 



Table J.14; Nobel Prize laureates In science proportionate.*© 
population for. selected countries, 1901-76 * 



Period 1 



United, 
States 



United 
Kingdom 



. West 
Gerrriahy 2 



Franc 



.^US.S.R. 



Switzer^ 
land 



Nether- 
lands 



Average number of Nobet Prizes pe/lO' million population per year 



, Number of Nob^i Prizes awarded 



1901-1910..- '.Oirr" *:115 ,.198 

1911-1920 .018 .067 .113 

1921-1930 ^ 023 .156 < .221 

1931-1940 . .062 .149 .230" 

1941-1950 / .092 " .142 ,..091 r -r 

1951-1960 * 1 .172 - .174" .057 — 

1961-1970 . : ^.128 .222 ,086 .104 

197,1-1976? ....M-' f-.- -»17B ' .238 ^ .082 — 



v ■ i i 

190H910 .1^ 5 

~i911-1§20 * ' 2 3 

192M 930 a 7 

1931-1940 ./*..>....., 9 7 

1941-1950 :..:../. .... 14 * . 7. 

195VI960 ..-.;./... 29 * 9*, 

196K-1970 \ 25 * 12 

1971-1976 ... 22 " 8 

Total- . v ..".. 105 -^58 

* 

\ * . Average pop 

1901-1910 >v;...;. *93.4 * .43.4 60.7 • $9.3' 

1911-1920 110.2 44 7. *62.1 , 39,4 

1921-193Q 128.3 ,44.8* 36^ 40-0 

1931-1946 ......... 144.5 4/0 ^ , 39.1, 41,2 

1941-1950 .......".> 152.4 49.4 A ~- .44-2 41.5 

1951-1960 ........ 168.8 5^6 52.7'-* 43.7 

1961-1970 ..t..:....^ 195.6-. 54.0 " ^ 5$.t s 48.2 

1971-1976 4 209.4 S6.0 ,61.2 51.S 

- - 



,014 



.020/ 
.013 



.278' 
313 

.488 
.667 



.27$ 



* *156 
" ,270 ♦ 
.119 

; .093 



12 

: 7 
B 
9 
. *4 4 
~3 
5 
Z 
51 



6 
4 
3 
2 



'20 



, Average population (irMnjlions) 



" 138.5 

167.0 
187.0 
187.5' 
, 197.2 
, 22&5 
-t) 248.9 



4 

1 

1 



3.6- -r 


c 5>5 


3.9. - 


' 6,4 


v 4.0 


7.4 * 


_ ' 4.1 v 


8.4- 


* 4.5, V 


9:5 


- 5.0 >:* 


10.8 * 

J: 


5.6 


#.0- 





* ' Presented location of <a ward-winning research and,by date of award:* * V * 

* fnciudes East Germany before 1946, * .* ' * ' . " '• * * * . * * V 

' The drop in Ger/nan poputatiop was due to mmtar^asuaities and, territorial tosses under the Versailles Treaty , * 

4 This period consists of only 6 years rather than 10? * . r„ . " < , = v - ;* '/* 

* SOuRGE. The Nobei Foundation. i_es Pnx Nobei. annual sene^ Department of Commerce. Historical Statistics of the 
Mnqpo States, Coiomai hmes to 1970. 1976. united Nations. Wottd.Pdpuiation Ptbspects. 1966. and Ecoftoqtl$ Survey of 
£urope m 1974, £art u. *975. agd united Nations Popuiaiipn Division. Department of Economic and social Affairs. Selected 
World Demographic indicator's by Countries. 1950-2000, 1975 * * v 

_.: ......... - %. v;' . Jf ? ■ 



See FidTure 1-14 in text 



Table i-15. US. patent balance with -selected counties* 1966-75 



Country 



1966 * 1967 



1971. 1972 



1973 



1974 



1976 



Total: -* * • 

JBatance 36,066 

JSranted to U.S. ^...7 45,633 

Granted-by US£ . . 9,567 

Canada:^ - \ y A 

BaJaflce ^. 15.676 

Granted to &.S. 16,614 

* Granted by US -, 938 

West Germany: f 

Balance „. f ,v:V- ^-248 , 

Granted to US, 3,733 

* ^Granted by US ^3,981, 

Japan: h - - ■ ; ' - - 

Balance 1' ...... 3,561 4 

Granted to U.S. * 4,683 * ( 

c Granted tyl).S 1.122 - 

United Kingdom:* _ s „ ■ ■ 1 

Balance. n,440 

Grainted toUS. .14,117 

Granted r t>y]U.S 2.677 

Other*£.E.C. countries': , 1 

Balance 5J0Q 

Granted to 6,483 

. Granted*? US - 7£3 

' Balanced: T* *63 

Granted 4oUS.* .... 3 
^ GranteM*by US. .....V 66 



34.469 36.045 35,885 

44,385 . 45,168 47.825 

9.916^ 9,123* 11,940 

16.592 '16,686 18.153 

17 % 583 17.583 J9.147 
99t ' 897 /r 994 

' -360 / 362 -40* 

3,406 3,804 ' 4.483 

3.766 3.442 4.&23 

2.008 3,439^ 2,50? 

3.432 . 4.903 <657. 

1.424 .1,464 .2.152" 

10,877 JO.tCfr 9,5fi3 

13.676. 12,588 ?&;67£ 

2/799 - ^48t 3f*75 

5,432 $>481 ^.840' 

6.251 6.225 6,777 

eTNx ~ 744 / 937 



j621 O^x 744 . 

-80 ■ * -3d 
35- 65 
115 n - f 95 



^6 

;s3 

159 



33.697 31.445- 30.520 2&129 19,795 .19,197 

.45:918 47,31 1 47,359 41.391 ,38.096 37,482 

12,221 15,866 16.839 16,262 18.301 c 18£85 

- ' ' - 4 ' i I ' • h ' " < 

17398 16.665 16,045- 11.619, 11.460 10,891 

18,663 t7,992 17,289 12.964 12,785 12.220 

1,065 1,327- 1.244. 1.345 1,325 1,329 



-1.552< -1.128 . -1.153 ^639" . 

.2,882 * 4.393. 4,575 4.949 . 

4.434 5,521 5.728 £588 

2,149 1.687 - 1794" 54p 

' 4,774 5.700^ 5,9^ 5,485 

2,625 4.033 ,5,fc4 ? 4.939 
• > * 

9.776 z 9,226 , 9,837 -8.866' 

12.728 02,682 13,001 f\ 1,717 

v2.952^ 3,456 3,164 2.851. 

5.J45 5.143 5,\)93 % 4,914* 

'6.670V* 6.346 6.287 6#7f 

327* ' 1^203,, 1.194 i;i57 



-17 *J28 
20U 198 
218 \ 326 



-96 
■259 
'355. 



-177 
205 
^382 



-2.243 -2,929 
3,913 3,140 
'6,156 &069 

-1,457 , r1.421 
* '4,432 --4,9T8~* 
5,889 6.339^ 

7.8^1 V 8.436 
10.076 - 11,497 . 
# 3,145 3,061* 

4.489- 4^72*' 
-5:783 5.455 « 
1.294 . f.083 

-285^. -152 ' 
„ 207 ^252 
492 404 



"77 



1 . Otfie{£uropoan Economic Community tiLEX** countries iricjudedtnere are Belgium, Denmark. Ireland. Luxembourg 
and the Netherlands, Data for France a/itf Italy are not comparable for use in this indtcatQr." _j 
* • 2 lncIudes.,|nve>itors,certHicates. 4 ; * „ . r . * " 

^SOURC^World. InteiieotMal Prope^Jy^fQan^ation, tndustnai Property, Geneva, T967 76 (December issues). 

^See Figure 1-15 in text t ^ ^ 



\ 



y 



Tftbitt- 



■t* Number of O&salenis granted 16 til 

* . * ; by product f*rf*1963-7J5 



5*- 



Product fiekt- 



Coumry 



Total 



ill- 



**V 



V* 



VI 



vir 



VIII 



IX 



Xti 



Xttl 



XIV 



Total 966,839 
United State* ... 721,347 
Fbraign.... 265,492 



West Germany 

J*pmt 

' 'United 

Kingdom /. * 
France * 
Sjtftzertand .. 
Canada . • 

Sweden jf, . # 

Netherlands . 

ttafy ... . ... 

^Belgium 
* tt$-SJl . . 

Austria . . 

Ausfraha . . 

Denmark 

M#xico 

Other fore^grt 



67,12? 
44,761 

&.710 

15,15F 
1&652 



6317 
1^72 
1/77 




16J67 . 11£72 
#,850 10.162 



M10 
147 * 

28 

. 22 
*12t 

t 

7 
•2 
5* * 



42,825 • 

1,626 
1066 
446 
706 

*4sg 

£- 

' 116 
'41 
116 
106 

Tin 

28" 
462 



19,244 

14£84 
4.560 
631 , 
756* 



S4.161 
6,734 



263 



$1 
121 
122 
64 
51 
61 
46 

i78 
U 



7386 

3fcei 

. 716 
741 

" 657 
3W6' 
-136 

M86 

7t 

54 
72 
62 



4,466 
2338 

i2ar 

1367 

.M372- 
* 676 
464 
. 254 
162 
.626 
661 
664 
77 
1,106' 



273,237 
167 906 
75.332 
20,831 

%m 

1Z576 
7vti| 
4,1» 
4J66 

6^74 
£664 
U66 

' 6W . 
* 1.282 
1368 

m: 

631 
" 162 
M6S 



95.731 < 101,162 S0333 

72315 76.430 36306 

23.416 24.752 ,14325 

, SitO 6330 4676 



15577 
9364 
Mt3 
1366 



90.777* 



3.661 4jm 23*4 

Zm 4787*4616 
* 1330 778 4M6 

1316 1,156 606 

606 : 666 -8^ 

1316. *t.7tf 222 
718 466 406 
176 * \m 96 
471 626 * . 62 
166 1*1 . 13* 
147 116 167 
- 166, 116 65 
• 66 / * 18 V 
776 857 402 
*t- * - - 



* 615" 
45 



*166 
66 

.36 
40 

• w 

15 
. 6 
.156 



23*7*3 
5362 

%m 

£346 

1,516 

; *T7 

861 
541 

5fl 



176 
-46 



* Countries seietfetfon me basis of being *n the top 10 o* at *eaat one oltho 

• cndtcafe^ranWrtg m the top *x oflhfc particular product fcetd. * - 



1 

ii 

m 
rv 
v 
v* 

VII 

via 

IX 
X 

xr 
xir 

XIII 

x*v 
xv 




£ood and KJrxJwl product* - ' t - 

Textile products 

Ch*mtcatt,-except drugs ^ # . . 

Orvgs r , 

Petroleum and gas extract ton and petrdieum rettn#nQ 
Ruboer and mtacettaneous ptoses , ' % " 

Stone, day* Kid concrete produA 
Ptimary nrietais • « , . " 

F abneated metw , ' % 

Nonefectrkatf machinery 

£i«ctncal eqt>«pmehi except comimink^tk^apaipment , 
Commuatcafron equipment and eteck o nic component* 
Moto^y^hK^#s and Oiner traneportation equipment except a^oratl 

Atfdfcft and p*m , • 
Pfof^ona^ and eeienfflc inetmmenta -.n ^ ^ . * 

SOURCE' Oornpwe^rominlomwkon taOffloeof Te chft p fejy 4a 6 6 aa nnJ il ap^jma^m JJ 

Paf enf AcfH^n^^fwo Sfpwdifrf mdmtri* C ^ aa^ea66n Calegortaa, 1606-1*391 *#8 <Ai 

\ais fc^)ort) • •* j. » ^. " - /- ** , • 
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^Table 1-17. Major technological innovations fay selected countries* 1953*7$ 





fc- * - 

- . ' -- — - 






* f , 


* 




Five- . 




' * >; # ;>fr "i'JV " ; -* ^ 


United 


« United 


'- West ^ 






nation* 






JStajfes 


Kingdom 


Germany 


Japan 


France 


total 


-~* 






•iPercentage'of total • 






"- _ * 


/ — . » 1953-55 i *. v*** . - 






6 




* - 5. \ 


^-100 


-* 


^7 195^58 -iCuvp 




-';- r - it. . 


4 • 




4 . 


100 / * 




V * 1959-61 


& 


19 




2 - 




100 




= > 1962-64 




M& " 


: 5 


11" 


c* 0 


100 


: 


^ 1965*67 i 


M 


24 - 


-2 12 


^ - 7 


3 






- 4 iyoo-/u 


©6 




.„ 7_r 


> 14 . 




;ioo 


s - 


^ J 4971^73 


- 591- 


~- ^ - 






a - 


--100 




- . « ■» - 




"** Number of innovations 




- 




" 1953-55- .-^ 


- -,63 


1*1 


* 5 






63 




- 1956-58 \ 


: i37 


5X^2 




2 


*46 




1959-61 


- 36 


50 


' 1 


- f . 


;~- 4 * 






1962-§4 


54 


* 15 


4 


* 9* 




82 f : 




. » v 1965-67 ...v.... 


37 


16 


8r 




': '2 


68 


✓ Jr 


- ; - 


45 


V 16. 


* 6 


11 










47 


- 12 


_ r - 


8 


a 


' so ; 




r "; Total 


319 


85. 




34 - 


21 


492" - 



4] 



5^- 



* By year^of market introduction. ; ^ . > ^ ' -.. ~ - ^ 

. NOTE: Detalf may not add to totals because of rounding; 

SOURCE GeJIman Research Associates, lnc„ Indicators of International Trends in 
Technological JftnovaUon, 1976, Appendix B. f ^ 

- See Figure 1-20 In text - - _ "/ - 

Table 1-18. U^;* International transaction* in royalties * 

* - and fees% 1966^75 ■ V * " - 



{Dollars in millions} 
Direct investmerjt-related . ^ ^ 



Unaffiliated ^ # 



* Year 


Balanc§ 


Receipts 2 


Payments^ 


Balance 


Receipts 


- Paymertts 


19©5 


$1.0§B 


$1,162 


- $64 


$277 


* $353 


$76 ; 


196^^..™.. 


1,292 


1^54 


62 ' 


. 289 


• 393 


104 


1^50 


1,430 


. 80 J? 


331 


. 437 . 


106 : v 


1969 


1,432 


1333 


101 


366- 


'486'' 


' 120 




1.647 


1,758 


"111 * 

»* 


459. 


- 573 


114 > 


1971 


1,809 


1,927 


. 118" 


495 - 




'123 ° 


1972 ......... 


• 1.860 


2,115 


155 •* 


- 516 - 


> ; 655 


- -139 




2,304 


2^13 * 


209 


•536 


712 


^ 176 


1974 *.....*.* 


2,859 


3,071 


212* 


565 


751 


186 


1975{prel.> 


3,285 


3JS2& 


241 • 


567 


- ^759 


- 192 



* * Represents^ total receipts and payments for the use of Intangible property such as 
patents, licenses, management fees, etc. Excludes fi(m rental receipts! • . / 

* Direct investment-related receipts measure the net transactions between U.S.firms and 
their fdfe^n of fitfat^s^ *.*■_ a c * - * „ *^ 

, 7 Direct Iftv^stmefltHeiated payments measttre the net transactions between LLS.-based 
foreign affiliates and their foreign parents. * * s - * % 

NOT^Detaifmay^tackitotolaUbecaujsepf • * 

SOURCE^ Dep^rtmentofCommerce^Su/veyof Current :Sas//iess,juoe1075 4 arid June * 

: See Figure 1-22 in lext ' ^ 
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»"'.- . .. • • r 1 .. .-• . --»•". r ' 

— x. »..-;-. . - . • -v • - I" :/ " . 

. . - '• • \; . _ . ;- - ' ., '--/A.* 

•' " T^*;i-i£tf^. 'receipt ahdpaymenU of rov^ 

* ; ' \ '.' y ■ ■ forelgnfesWent* 1566*75 _ . - ----- >^ /. 

.* A *. >! r , ^ J r . IO.S. dollars in miinonsj 

-' • : H, '_. . v^' - - % - ' -J v 

1976 

.^y -v> 1966 1967 1968 1969 , 1970 1971 197? 1973 1$74 (prel) 

"-: •; '"^SSESL.:. ., v $353 $393 $437 $486 $573 a™ ^ ^2.. $751 . w 

V' ; • Dev^opedcounWes ./.>. 304 342 375 426 505 547 575\ t 633 648 644 

vKm Europe 186 190 196 222 247 268 270\ 297 321 343 

: -C^^TlZ:. 30 33 31 ^28 33 32 38 V .32- 38 37 

"*.. "StL^-. I. 70 95 "\ 130. 155 202 223 240 \ 273 249 227 

* '-C^ developed countries* 18-, 24 18 21 -23 24 27 1.31 -38 37, 

, Developing coSnWes 50 50 59 §9 64 62 72 \ 74 94 1(6 

.., v Easlejn Europe - 1 . 4> 2 4 9 8 V 5 11 9 

Net payments ^ 7 6 • 104* 106 ."120 114 123 139 \» M "i92 

-6wefopWcountries - s ...., 72 100 102 116 107 119 134 . 166yf 176 184 

- ^ iSSpSySt -\ 67 93 94 107 99 . , 110 12t .148^ 156 163 

'. ^''<.c^hak„,Z.. j. X 2 3 4 4 4 5 -6 6* 7 r >I 

• : ■•v-^'SrZ I- \^ 4, 4 4 4 .4- -6 13 -12 8 

- -v • , Wfopioffcoon^es.... . 3 4- 5 7- -4 5-. 9- 8 '"" " i . 

- Eastern Europe — -V • — ~* T- ",~ * .. - :.. . -. 

— sjf- — — — "n— — — ' y - .... _ 

«BepresenteTBceipts^paymerits between U^. regents ^ 
. "'" . ot.iniangibie property such-as patents, copyrights, or Manufacturing rights. Excludes fees and royalties related to US 
- vVforeigndirect investments. Excludes film rentals. * ' ' " - ' 

. 4 J Other developed countries included here are Australia, New Zealand, and the Republic of South Afnca 

-'■ " S ' ' ■ - . 

,* T^.MO^Detajtrnaynotaddtototalsbecauseof rounding. . • . •_». 

' «. ? ^ ? * SOURCE- Department ot Commerce, Buraau of Economic Analysis tabulations* June 1975»*a^ Suivay o/ Current 
^Business, Jyne'1976, * - 

* * , t - . ^ -.- • . 

. ' ' Se&^re 1=23 in text v r ^ . . *. . - 

., ' . ■ '-, • . 5 . \- 

. - - • , ^ , - .... ... 

r- . s *- ^ t - ' 

^ . v^. ^ / - v - ...... . 

■ • •• " " . '= ' \V 

"■■ . . • •• •• .. . . • • • • 1 
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Table 1-20, U£. receipts and payments of royalties and fees for direct - * * " 

« _ \ * Invesjmetrt abroad 1966-I5.; , ^ ^ L -^f ^ ; 

: " ^ (U.S. dollar* in millions] ' "Y '- -_i.* 











_* 


1970 . 






* * 


, ~. ' %*- 


1975 ( 


- -* " 




. 1966 


1967 . 


^1968. 


1969 


1971 


1972 


* 1973 


1974 

* 


(pret) 




Net receipts' f - 




















I ' > - -- ' 






$1,162T 


$1,354 


.$1,431 


$1,533 


$1,758 


$1,927 




$25|3 


$3,071 


$3^ ' . 




Developed countries 


-.854 


982 


1.027 


MOT 


1.239 


1.429 


1,609 


1^49 


2.389, 


2,746 ; 




WesterrrEurope , 
v Canada^ .* 


* ,\496 


579, 


594 


.651 


755 


» 643 


971 


M80^ 


* 1,428/ 


1,722 V 




*,248 


266* 


- ?S5 


- 287 * 


336 


. 355 


377 


416 


\ 541 v 


/ 566 




. * Japan _.»,«.,.«*•• 


*, 43 


' <55 


* *59 


66 


80 


S6 


114 


. 170 * 


2ir 


231 I ; • 




1 -OtBe^o^vefoped 














~ & 






r > <zn j / * V- 




V countries 2 


6&- 


- '63 




97 


118 


13t- 


147: 


183^ 


.209 




Developing . 
v countries 
-** International and 






-* 






✓ 






*■ - " * 


( 734 ^ ;: ; 




5. 229- 


052 - 


> 377 




428* 


452 


453 


' 519> 


r /-6311; 






♦ i~ 










. 53. 










unallocated 


29 


2d * 


27 


34 


' 40 


46 




. ^2 \ : : 




Net payments^ > ^ 
. Total - . * •■»*'» ^ 




























.80 


* 101 


111- 


118„ 


~ -15F 


• 209 


212 


241 -r. 




r Canada . * 


41 


43 


47 


56 


. 62 


. 64 


60 


73 


63 


89 * *: 




JjUnrted Kingdom ^ 


12 




21 


25 


19 


11 


15 

■v 


20 




: ". 10 




•Other European 
-. countries 




* % 




















\ %' 


6 


9 


16 


"T23 


39 


76 


113 


in 


140 - 




Other countries 


1. 


1 


\ 3 


4 


7 


, 4 


. 2 


-i ; 2 


' 2 


1 , 
'- 






> > 






* 












. / . r * _* " 





Represents net receipts of payments, by u.S. firms from then foreign affiliates for the use of Intangible property such as 
/. . ^patents, techniques, processes, formulas, des*gn«w trademarks, copyrights Jranchises, manufacturing rights, management 

f 4ees,etc *- . * rf - * '*- ' 

• , • 2 Other developed countrtes included here are Australia. New ^Zealand, and the Repubfic of South Africa. 

* Paymentsmeasure net transactions between u^affjhates'and then foreign patents. Affiliated payments are not further 
, detailed because in jnany cases the amounts are too small or would a^Jose jirKfividuaJ company data. 

*1 _ _JlK>TEtOe^ V. -Ji _ _ 

SOURCE. Department of CommercerBureau of Economic ^Analyses. Bowsed Data Series on U.S. Direct Investment 
v Abroad, 1968$$, 1976, Survey oi Current Business, June 1976, and unpublished data. % . - * - . 

--■ .* m - $ vr> * *~ m ^-: * \ - -~ - : ♦ -r r- 

' See Bgure T-24'Iri text • > * < _ r ^ 

/ * * ^Q-tf-^" «^ * ■ • • ' ' " - .-*v ->-•■ 

, - • - » 5 - . • * * 

v - - , * ' * W V/ , - ' m - - 

:." ' ■ ■ s » . \ " . ■ • i ; • • • 



X 



{ 



, .201, 
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Table 1-21. Reii Grots Qomesuc Product pet employed cfrDUn, ;v 
for selected countries compares* with the'Unlled States, 1960-76? 



Ifndex.Unlt&d States = 100] 



Year 



,.Unjted 
^ .States 



'/West 
France tSermany 



* , « United- 
Japan* ^Kingdom Canada-. 



1960 
1965 

1957...* 
1970 . 
1971 



d -r * 



1972 
1973 
1974 
1975 

1976{esL) 



,100 
100 

Joo 

100 

ioa 

100, 

100 

100 

100 

100 



55.0 
613 
•6X1 
71.4 
7Z9 

745 
76V! 
805 
80.7 
82.6 



513 

552 

563* 

67.0 

67^! 



24.7 / 49.9 
32.2 

36.7.. _ 49.0 

48.7 V;52.6 

50.9 * 53.7 



6X9 ' 54.0 
693 J58£ 
.73.9 v -56.1 
743. , * 593 
773 0^,1 



.535 
54.4 
56.1 
55.8 
555 



86.6 
35.6 s a 
83.4 
88.6- «\ 
' 903 

.90^ 
. 90.1* 

: 92t« 

*91„1 
90.6 



* Output based on mternaSonaJ once weights to enable Somparabie cross-country 
comparisons. * *^ ' ' t . ' . 

": " ' - * ' 

SOURCE tiepartment of tabor, Bureau of Labor Statistics, Office o! Produclivity and 
Technology, Comparative Real Gross Domestic Product* Real GDP per Capita* and fjeal 
GDP per Employed CMfian.^S/x Countries, May ,1977, iippublisheri.^^ 

See Figure 1^ in text , % f ~.. < ^ . ~~ 



Table 1-22. ftelatftre productivity 1 in manufacturing Industries 
by selected countries, 1960-7& 

jfnde*, 1967 = 1001 



United West United - - . 
- Year Stafes France Germany* Japan Kingdom Canada 

1960 4*. 783 '68,7 . .66.4 f 52£ 76-8 - 755L 

1961 „„„...^/..... 807 71.9 : 70,0 } 59.3 . 77.4 -795 

1962 845 75.2 ^#.4 613 793 835 

1963^...V~ ~. 90.4 ,79.7 "78,4 67.1 . 83.6 . 87.1 . 

1964^T..T 953 a^.7 845 . . 753 89.7 > 905 

-19© 935 885 90.4 29.1 92.4 . 94.4 

1966 ......I. - 99.7 ° 94J O 94.0 87.1 55.7 " 97.2 

1967 &1005 300.0 ~* 100.0 luOXT* 100.0 1005 

1968 103:6 - 111** %107£ . flf& 1055 107.3:. 

1969 1045 ,115.4 v fl33 1305 .108.4 1133 

1970 ................. 1045 121.2 " 116.6 1465 * 109.1 11&2 

1971 *.* t —t 1103 1275 *1225 151.7 * 1143 1225 

1972 ................. 116.0 135.% 1303 1635 1212 127.* ~ 

1973 119.4 142:2 138.8 1843 128.1 1322 

1974 ...<rl 114.7 .146,1 145.6 1875 1275 " 1323 

1975; 1145* 139,8 150.4 " 1235 134.4. 

1976{est)^^... v .... 122.4 153.6 162.4 204.6 " 125.4 ,137.4;, 

~" . - . : : eT~ ~~ — " — 7 s "" 

* Output per man-hour. . . _ * 

SOURCE. Department of t£bor. Bureau of tabor Statistics, Office of Productivity and 
Technology. "Output per Hour. Hourly Compensation, and Unit tabor Costs in 
Manufacturing, Twelve Countries, 1950-1975*\ 1977. unpublished. Estimates for 1976 are , 
from, the International Economic Report of frie.P/es/denf^jCouncU on* International 
Economic Policy, Executive Office olthe President 1977, p 144. and unpublished data, 

^ ' v , 
See Figure 1-26 in test 
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T<We US, frede btmof In ft* D fcHmtw md mm MO l « H«ttw ■ i ww l ii cfc i r i rl p m fret pi *3Mi 

[Dote* tn rnmom} f 

i * ^ _ " 

I960 1961 196^ 1963 1964 196S 1966 1967 1986 1919 gO W1 tgg 1973 W JgS_ gjH3 

Balance $5,891 $&237 $$72G $6958 $7,970 $8,148 $7,998 $8,817 mm $1*471 $11,722 $11,737 $11*12 $15,101 $21875 $29344 $26*13 



Export 7.597 8.010 8,7l£ 8,975 10.267 11,078 12,174 13,407 18*12 18*86 *M74 3*29* tUtt 

Import 1796 V781 1*95 2,0171 Z297 2.930 4,178 4580 5537 £4*4 7*82 8*01 IOjK WBtff 17,238 17*86 21*66 

Noo-R&D-mteftszve * , Br - 

8*tence -179 -12 -891 -765 -678 -24327 -3325 -3.729 -6,581 -8,898 -6JW -11*99* -1S*fr -*SJ» -18J75 -8,474 -16*88 

Export . 4962 4730 4.940 5284 6,121 &2£l 8.913 7.437 6*06 91830 M>*88 18,218 11,737 1&843 22412 34311 

Import 5141 4 742 5,631' 6049 0.799 3*06 10*$8 11!188 18*87 WS2B 18*64 21*13 ai.778 31*13 37*87 33*88 

i i ■ -- . -■ ui- i t .t^. . ■ „ t ■■ , ■ i I / ■■ ■■■■■■■ i , , , r - i i h i ■ . f 



1 j|xport» iesa import* 

SOURCE Oep8rtiiHsr*f*o# Commerce. OoinesUC 8ridloiefTii&0flel Business Adffl2$itf8fce*i. Oweneee toMM feeorttAugstf 1987, A*ri *7Z W A*ri 1977 

4 

See Figure 1-28 irt text m - m * 



" 21 ° •• • y , ■ '211. 



hi 
O 



Tab* 



1*66-78 . 



H;b ;l 



PfOdtfCfgfOMOt 1060 1961 1962 

Cr*m*Ci*if% 

StteK* S865 t«jBBt fl.W 

Export.,-.-* 1J76 1J89 1,S7B 

import . 821 736 772 

SitfanceV-^. Z948 $28$ 3,547 

Export.;.,.^ - 3,386 3,743 ,4.067 

Import ■ 438 455 \ S*> 

Brim*.........*..... 904 8&i t \9# 

Export. 1.090 1.225 V 

Import 296 334 >H5 
Aircraft 

Btfmce > > 970 786 

Export 1.024 803 

. Import • 54 13T --t 

Professional apd s«6ft&fic 
instruments* 

Balance 214 241 288 

Export... : * 321 358 411 

' import 10? tl7 145 

* . . y\ ' - ^ 

Exports tes$ imports 

Mnctucses dngstad other aniedptoduei* 
» includes oor^municftoofs equipment 

SOURCE D«pW*eftt of O omm gro t, Dome*** sftcf f i 



1981. 1964 1985 1988 1887 1988 1888 1873 1971 1872 1873 1974 1978 jgjj 



$1,294 11,882 '$1,834 $1718 $1*44 82J9B 82*195 $23* $2£94 92.118 8^288 K901 $4*86 I 

2,008 23« 2403 2J&75 2J88 3JS7 3J8J 38*6 4,185 5J4i M» 8.88I *8S6 

715 702 788 967 898 118T 1£86 1,450 1jTO 2£tT 2.488 4,818 M86 4J72 

3£74 3,989 4.118 4,10* A218 

4509 4.860 5,278 5,778 

836 871 1.188 1J7T 1J83 

1,074 1J22 1J»f 800 882 

1,483 1*86 1J80 1,880 

419 443 840 1.018 1 



14,574 14,812 
8JT2 8J84 1£586 17,288 21,633 22333 
f£St *47fr 7JB88 8.021 



M8* U6* «ft 



St- 533 M88 2,811. MS* 

3^86 tmt r m *m 



726 791 980 824 1,271 2j0l5 fc$46 
817 874 i:t30 188? «18 £309 4428 
91 83 O40 273 9*6 804 381 



SJS6 %m 

%m Am &m *m *>*» - ;^ 

274 388 415 863 888% 519 «4 



280 308 
,447 504 
157 118 



388 

810 
221 



874 



1J08 M67'M36 



794 
881 



882 1J012 1.187 %m %m 1J68 



1,215 



m#rl 1872. ****** 1877. 
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See Ftgurs t 29 in text 
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Table i-2& U.S. trade balance^wllh selected riatlpVs Jor R&D-tofeijsWe . 
manufacjured products, 196MP 

, [Dollars jn rnitfionsTT 

* ^ 

Nations 1966' 1$67 1968 * .1969 1970 19T1 1972 1g73 1974 197$ 

Developing nations 2 * * 

Balance - $3,441 $3,677 $4,430 $4,455 *$4£28 45.087 $5,277 $6,<*42 $10;656 $14,727 

Export......,..:,-. 3,682 3,923 4,822 5.002, $.679 5.996, 6.765 8,966- 14,024 17,704 

Jroport ...-.I- 241 ■ 246 392 547 ' 751 909 1.^8 ,2.324 3,368 2,974 

Western Europe • . I ; < . - " 

Balance 1,890 2,283 2.568 2,986 "3,942 3.599 , 3,089 4,125 5383 6.700 

Export 3.86$* 4.359 5.020 5,655 6,927 6,861 7,345. 9.596 ^622 13,540 

Import.... 1,975 2,076""- 2,454 2,669 £985 r 3,262 , 4£56 5.471 6339 6340 

Canada . u .* • " t f . - > ' ' 

Balance 1300* 1.760 1,719 1,914 1,684 1.865/ 2,333 - 3.0Q1 4,242 4333 

Export. 2,833 2,983 &142 3,478 * 3,513 3.914* 4.678 * 5 ,741 7,419 8,336 

Import../.....,..... 1,038 1.223 1,423 1364 1 4 829 ... 2,049 2,345; 2,740 Z,}fT .3.303 

Japan . - - - • v — 

^Balance..'..., -133 -115 -200 -324' -224 -516 * -971 '-848 --550 -1.021 

Export.... 661 772 %30 1,180* 1336 -1320 1,639 * 2J218 %007 -2389 

Import 7M / 887 1.130 1304' 1.760 2,036 2.610;, 3.066, 3357 3.410 

* - ' * < * 
' 1 Exportsiess imports. 
* Includes the ftepublicot^oirth Africa in 1966 and 1967. 

SOuRCEu Department ot Commerce. Domestic anO international BosinessAdmimstiation. Ove/seas Business Beports 
J0ne1^4,OctobeTl976,|nd June 1977. 

" - See figure 1-31 in text 



-1976 



$16,052 
20,104 

* 4,052 

7360 
14,048 ' 
7,588 

4,732 
8,831 
4.099 

-2m 

12,701 
- 5355. 



May 197Z 



4 A 
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Table 2-1. National R&D expenditures, 1960-76 

*.* • 

* f tOol!ars'?nt,bUlionsl . 



Year 



7 1960. 

1961 

19fi2,.*..„.'.- 

1963 

1964 

' 19$5 



1966 ... 

1967 ... 

1968 ... 
1969 

1970 ... 

1971 ... 



1972 

1973 

1974 

1975{fesL) , 
1976fest) , 



Current 
dollars 



$16.6 
14.3 
15.4 
17.1 ~ 
183 
20.1 

21.9 
232 
24.7 
* 25.7 
.26.0 
26.7 

28.4 
• 30.4 
313 
.355 
38.1 



Constant 

1972 fc ^ 
dollars 1 % 



$19.7' 
20J 
5fL9 
23.9 - 
26.0 
27* • 

285 
20.4 
29.9 
29.6 
28.5 
27.9 

28.4 
28.8 . 
27.8 "\ 
27.7 V 
285 



1 GNP implicit price deflators used to convert current 
^dollars to constant 1972 dollars, ' 

SOURCE: "National Science Foundation,. National 
Patterns of H&D Resources, 1953-76 (NSF 76-310), p. 28. 
• */ ' i* 

See Figure 2-1 in text / ! 



Table 2-2. Scientists and^ngmeers* employed in R&D by sector* 1961*75 
, * {In thousands] 



Year 



Federal 
Total Government 



j , -.Other , 

Universities*, Nonprofit - 

Industry and colleges FFRDCV institutions 



4961 * 425 J. . 51.1 . 31itt 

1965 4£4.1 61-8 348.4 

1968 550.4 68.1 >" '381.9 1 

1969 ........ 558.2 69.9 385.6 

1970 . 549,6 6$8 { ,375.5 

19?1 529.8 $6.5 * 358.4 

1972 ........ 521.9 65.2 353.3 

1973 .„ 521.1 ,357.4 

1974 ........ 527.2 J 65.0 357.9 

1975{est) .... J530.5 v *64.5 * 358,0 



42.4 
53.4 
/ * 66.0* 
«■ 68,3 
68.5 

- 68.4 
^66.5 
-164.8 
*f6SJ 
71.0 



11.f - 
11.2 
11.6 
11.5 

i 

11,5 
. 11.7 
12.0 
12.1 
12.8 



11-5 
* 19.4 
. -23.2 
22.8 
24.3 

is.o 

>- 25.2 
24.6? 
25.5 
24,2 



* Full-time-equivalent basis* excluding those employed in State and local agencies, 
calculated as the yearly average for the industry sector.. 

* Federally Fundeoflesearch and Development Centers administered by universities. 

SOURCE Natjopal Science Foundation, National Patterns of RSJ) Resources, 1953-76 
/(NS£ 76-310). p. - * * ' ' / 



jv See Figure 2-2 in texU 
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* " - <y v » ; . * * *" > * *• 

V' '- i . ' " ■> ■' ' ■' • - *• '• 

... . Table 2-3* National R&D expenditures as a percent of GNP by source, 196CPT6 * ^ 

. - . '.V* ' • ^ ^; ! ^ - . -> % .r" - ' - V " 

7'. *. • • ■ » ' ' [Current d^ilais in billionsf^- w , * ' f -- - , " *- 

; - > %r - .* \ i# #t % - • -'V-' - v "'tl- - ^. \":\v-i : " 

* ^ - * : * "Alt sources • ' Federal sources * AH t)ther sources^ • " 

^ v " - ' ^ <3rosis f * * ^ ; * : - 

, r* r» fc . ^ % Natloflal ^ R&D as a. " R^D-asaV : • ♦HiD asa * . > .: > ' 

, • .Product total pejeent Total -' percent ^ - .Total percent 

; - V. Year : (GNP) ?fi&P of GNP ' R&D * of GNP" ^ R&D / ^ofGrjP; 

» J^60 377T^Tl , $506.0 r $13.6 f ? ^69. = $8,8 ' 1/4^ $^ ! 0.95 * / V 

: 1961 .^•,«i-„.„. f v .„.^. *523^ , 14^ '2:74 '9-3 v * *+ia S3 * St* 

196^ ^563^' , < 15.4 ^2.73 -93 — f.76 ^98 * * .-'^ 

Sf 1963* ,.-.;.-,V. , , 594.7*' 17.T . S.87 11^' _ 1^8 ^ S*. < .99' : < 

./f 1964 '\ • 635.7 183 ',2.97 " - r 12.6 \ %M ' 6J3 -99 * * - - 

^ V 1965 . * 688.1 20.1 % 2.92 fc 13.a ' _1.89 , ,/M * 1.63 

- 1966 ^r..„.,.„^„: 753.0 s " 21.9 ^91 ? ^ *,3f4;0; , : 7-9 - ' 1^05 - " - iv 

- . 4967 ™.% ...... 7963. 232 . .^t ¥ 14^^ \ i&\ 8.8 . " 1.11 . " * 

1968 8683 v 24.7 '2M ^ *5.0 - *- 173 9.7 K 1.12 - ^. 

1969* " 9353- '25.7 -Z75 - 143 A ~ .139- 103' , ". 1.18 ' ' T : ' : 

* 1970 ...... 982y? * ,26.0' Z65 * 143 * .131 113 ' 1.15* ' ^ 

- s : ; 1971* 1.063.4 . . 26*7 - 230 15.0 / . 1^1 * "113^ > 1.11 \ . * * 

1972/;^ w .\ * 1.171.1 28.4 * 2.43 » 153 . ' 136 123 * • ' 1.07 

> . 197a . % . 1306.6\ 30.4 2.33 1W 1.2$ X43 * 1.07 

V- * 1974 1.413.2 v 323 2.29 16.9 . 1^0 * 15> * : 1.09 % / 

*ft75CestJ J.V.. 1316.3 *,352 2.32 183 1^3 \ i6^ -1*07, » / 

'r % '< 1976(est) 1,6913/ ^ 38.1. 2*?5 ^ 2Q4 1,19 j 183 v - 136 4 

NOTfe Percents are c^cuTate3 from unrounded figures/ '. v J » *f -* 1 

Detail may not addlo totals because of rounding; ' . * v 

} * ' ' • * ' r * ' - * - , "1 ' ' 

SOURCE. .National Science foundation. National Patterns of fl&D /?e«oi/rce^ t953-76 (NSf 76X51QJ, p. 28, and 
, Department of Commerce, But eau of Economic Analysis, Survey of Current Business, January 1976, and Commerce News. , 
March-2t1977, 1 ^ . * ; ; . ^ ^ *, . . " * %" ^ * - ^ 

_ -v ' . ' ' / , t. . - -" 

See figure 2*3 in text . , ' - . '.^ " ■ ' ..r- 

" ^ * ' " . *• " ~* ' . * i 

■ '« - " ; "* * » * * * ? 

' V " . »V ^/ .Arf' ' * 3 *' > ' - V ^ 1 " 

•: , . - - 1 ^ ' * - - " ' * 

*: * * • . '- • • ' - . - J* , - 7 'V 

. ^ ^ • : ' ' > :-.r ' ' . " 
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• - Tabfe 2-4. National expenditure* for R&D by source, 1960-76, 

< ' _ /tJDotlars In millions} ♦ 



h 2 J f 
* 



Other 



Year 



Federal - , * . Universities .nonprofit^ " Y_ 
Total Government Industry and colleges 1 Institutions 1 



-4-. 



196a •^v > i.i.- $13,551 

1952 .^5,426 

.1964 w« v £8,894 

f 1965 .....j^.:...* ^20,091^ 

1968 T 21,894*, 

1967. . — 23,205 

1968 >.. 24,66p 

19fe9 *2S#86 

1970 2£047 ' 

'.t197t_«.,.^L 26,745 

1972 28,415 - 

- 1973 .... 30,417* 

-<1974 32.322 

>1975test). 35,209 

US76(est) t:C 38,090 



1960 $19,734 

1961 * 20.7Q7 

1962 2t,865 
• 1963 ...V.- 23,876 

1964 ; 25.985 

~J965 22,033 

jd66 ....... '28.523' 

1967 ; /v<V 29,366 

1968 -29.876 

"1969 w. 29,619 

1970 ; 28,510 



,$8,752 
.9,264> • 
9,926 
tfc219 
12,553 
13,033 

135990^ . 
14.420. 
14.952, 
14.914 
14,764 
* 14,982 

15.887 
.16.437 _ 
18.897 ' 
18,577- 
20,130 



- Current dollars 

; ^4.508 ' $*49^ 
'4,749— * «165 I 
5,114. .,185. 
5,449* **- 207, . 

235 ; 
• *.6^39 . «v£67. 



7,317 
8,134 * 
" '8,997 

9,998 .. 
♦ 105434 
10,817 

11,509 \: 
>--12,896 

14,253 

15.335 
~ 16.550'- 



. 303** 

t 345 

- 391 
420 
~461 ; 
5?9 

576 ' 
613 

673 . 
746.* ' • 
N 815 



i971 .. 



27,854. 



1972 28.415 

1973 28750 

1974 27.766 

1975{est) ..-•.....*.. 27.669 

1976{est} 28,479 



' Constant 1972 dollar* 

$217 
'238 



289 , 
„ 323 / 
d3§9 ■ 

'/395 + 
* 437 

474 
, *484 

505 

551 

^ 576 \ 
\ 579" . 

578 > 
' 5& 

. 0 609- ' 



$12,745 


- $6,565 


13.372- 


• 6,855 


14.069 


7249 


15.671 


7»6J1 


17.264 


. ' 8.087. 


17.536 


8,798 


18.226 


9,532 


18.249 


1&294 


18.108 


* '10,896 


17.198* 


<-Ml,529 


'16.160? 1 


F * 31,421 


15.603- 


11,265 


15,887 


/ 11.§* 


15.536 


" 12,189 


w 14.515 


12,244 


14,599 


32,051 


15.050 


% -12.374 



* $142 * ^ 
168,-. 
20t^_ 
2iB ; 

5^5 ■:- 

. .252 

^284 : - 
= 306 
- 329 

354 V 
-^388 " ' 
417 - * 

443' : 
"499* k ; 

'551 - 
595 

— : — } - ' — * 

5^07 J' • 
242 
. 285 •* 

305 fV f 
31f - ^ 
339. : ' 

?70 
' . 387 

398 
* 408 

425 . ' 
„ 434 

. 443 . - 
*- '445,- ^ ' 
V 429- a- 

433*: 

445 



9 



: ft? 



r 

jr..: 



, - *Inptades State and locak sources which accounted for almost one-half of 
, .expenditures since 1970, ^ - * ^ 

. , 2 GNP implicit deflators used to convert current dollars to, constant 1972 dollars. 

NOTE Detail- may not add to totals bec£use,of founding. • . . 1 » 

- 'SOURCE. National Science Foundafcon, National Patterns £f R&D Resources. 1953*76 
^(NSF 76-310> r 'p. ; 28: - ~ ~ \ ? ' * l : 
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« ^Tabfe 2-5* rtiWoni^pc^tun^f or R&D b^rformer^ 1960.75 
^JDblla^la millions]' 



•.J 



'A 



Year 



s 



' . . ^ 1300 |«r»j-M 

19G2 >«, t i >^< << * • • 

* 19^3 -» »w^m^ « 

. si- ^^65 ..«*.«>• • #■ . ■ 



: _ # * - v i)tber 
* 7.- . fWjfal 1 . Universities** * ^nonprofit * 

Total Ggvemrrient Intiustiy am^leg^FFRDfrs? institutions *^ * 

Current dditajra . . _* > /r h -r 



$13551 $1,726 
14.346 1,874 
15*42?^ 3598 
17,0^ j2£79 
18,894. 2,838 
20,091 3,093 



$10^09.^ S646 
. . 10,908 ' ^763 
11,464 904 
12,630 * 1,081 
13J512 1.275 
14,T85r ^ 1,474; 



>1966 



w...^. 21,894 



3,220 V 15,548 



m *„U.„~ 23£05 / 3,39^ ^"16 



;1968^ 
1969 
1970 

1971 a...... 



24.669 
25,686 
26,047 
26,745 



3,493*-** . fr.429 
3#B 12.308 
3,85^* 18.062 
4,156 1ft311* 



1972 ,,,.„....v 28,415 ^ 4, 

1973-..Ui..-.~ 30,417 

1974 ........... 32*322 

1975(66^...-... 35^09 5,302 

1976{est) . 38,090 5,600 



,482 
4.61S 
4,815 • 



19,383 

20,921 

22,36a 

24,25a* 

26^00 



1,715 

1,921* 

2;tt9 

2^20 

2,33&" 

2.500 

A67S 
2.940 
3,021 
-3,%95 - 
C 3,66Q 



.$36ai 

'410 
. 470 



629 * 
630 

o era 

'719 
. 737 

% 7 ? 
764 
tf!7 
865. 
987 

1,080 



* ^1(f 

4 391 • *• 
^—490^ 

;S. ^573 

I-640 . 

\ * ^ ^ 
^ 781 - 

. ^ * 879 - . _ 
^. 930 
>/1,058" v ; 
' .1,062 \ 

' -> 

1,110 ; 

J420 ; : 

* " t252 . 
' 1^7& * 




.it* 



\ . 



donstant 1972 dolteis? 



1960 ^.-.^jj^r $19,734 

1961 20,707 

1962 21,865 

1963 ^ ,^>a3^76. 

J 1964 ........... 25,985 

1965 27,033 

V 

1966 26f523 

1967 29.366 

1968 29,876 

1969 29,619: 

1970 28^10 

197.1 ,'27,854 

- 1972 .w 28,415 

.1973, 28,750 
.1974 y„l^*„„ -27J66 

* _197$(est} . . . . 27,669 ' 
4976(est) ^8.479 



$2313? 
2,705 
2,974 
3,183 
3,903 
4;162 

\.\ 



-$15,304 
15,745 
16^49 
17,642 
18,§83- 
19,086 

20,255 
20.735 
21,108 
21 r t12 



4.230 
4220 

4528. v 19570 
4,482 



•4941^ 
WOI 
1,281' 

1,^54 

1^5; 

2^34 
^,431* 
2,603 
2560 



19,775* ^4556 




*19,3& 
19.^74 
19J216 
19.057 
19,813 



2504- 

2,676 
,2,779- 

2595 ; 
2,668 

2,736 



666^ 
" 740 
865 

-846^ ' 

- 852 

- 87J 
836 
807 
74^ 

" 764 
.772 
^743_ 

776 

807 



^ $451 . 

r v 860 * 

88a; - 
- 955- ' 
* . 

* % 1517 - ^ 

1550 -fy- 
* 1,0*5 r - 
. 1572 t 
^1.158 { 
1,106 , " ♦ . 

l -1.110 ; 

: 1.076r ' - 

935- 

- / 



1 1ncludes Statf and 4ocal sources. \ - . * 7 * 

2 Federally Funded »Research and "Development Centers administered by^niversitles. 
. . s GNP implicit price deflators used.to convert current dollars to consfant 1972 dollars., 

7>(pTE: Detail rfiay not add to totals because of rounding. . . ~ 

SQURQfe. NationaJ Science Foundation; National Patterns of R&D8esourc6$,J9&*76 
«(NS&76-310), pp< 20-21. ^ ' * * 

• * •-/ . ' -: ~* 

5ee Figure 2-5 in text. r * ~ • - * > 
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Table 2-6. National R&D.expendUures by charader oj*rorfc, 196*76 
. * {Dollars in millions} . 



- v. — 



4- 



Current dolfars^. , Constant 1972 dollars* 4 $3 

Basic ' Applied Develop-, *Basic AppffcK^peveJop- / 
Vear^ ' research research" - ment ^research* research * , ment 

1960 777777771 $vi83 $3,057 $9,311 $1,723 * $4,452' $13359 

1961 v 1378 3.115 9,853 z 1 - 989 4 * 496 1*222 \ 

1962 -.— ' 1.695 ' 3J27 10.004^2.4^ -5,283; 14,180 . 

1963 1.974 3.&5> 11,294 2,757 5,343 s, 15.776, - 
196M5 • ^301 . 4.233 12355 3.165 5,829 '^1^992 , - 

1965 2372 4,470 13.049 3.461 ' 6.015 * M73$6 ; n . ,\ 

1966 ... 2,825 4;747 14322*^ 33*K JS.184. m6$8. - .-j 

1967 .............. 3.029, . 4,968 15,208 3.833 . 6,287 1934£ * 

1968 3386 5356 , 16,027 3,980 , 6;4&7 -^19,410, v; 

196& .3378 , 5333 36.775* : 3395 6380 '193441 ^ 

1970 I 3321 5.919 16,607 . 3354 k 6*479 * 18.178 - 

1971 3315 , 6376 "17 W 154 ' 3361 - -6,328 17365 - ; - 

T * " ■ / ^ ^ v . « ^ ' , 

1972 3.702 6376 18,437 . 3i02 ' 6,276 ; 18,^37 

'1973 3316 6329 19.772 3307 6;455 ~ 183^8 ~_ 

^1974 ...r... ....... 4.072 7315 20.735 3,498 ' 6,456- 17312 ^ . '/ 

1975{est| * 4,446 8375 ' 22,488 3,494 "~ 6303 • 17372 ' : < 1 

1976(est)... 4,760 8.925 24,415 3351 -~ 6,673 18354 1 * . 

■ GNP implicit price deflators used to convert Current dollars tcfc^onstant 1972jdofiars* , 

SOlfRGE. National §cience FoyndStion. National Patterns of RiD Resources, 1953-76 
{NSF7^g10).pp ? 29-31., , ^ ' * . . - '"J? . 



See Figure 2-6 in text 
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- Table 2-7. Basic research expenditure* by source, 1960-76 _ 

" x * / {Dollars in millions! * /. ' :~ ' 

: _^ i 

9 . . • Other 
• ~ _ Federal- — . *. Universities;- nonprofit 

Year Total - Government Industry and,cd1lege3^jn$trtutions 

^ • :=> - Current dollars ~ ^ 

$331 
350 ; 



i960 ,..^.j:...t.-« $1,183: 

* 1961 - 1 ,378 



. 1962 

1964 

IOCS' »»» r 



1,595 
137A 
2301 
2,572 




; . _ 232$ 

* m~m 3,029 

£. 3286 
^ 3,378 

o 3321* 

3.515 



$69? 
,841 
1,091 
1310 
1*595 
1317 

13B6 
2,173 
2327 
2386 
2,469 
2,379 



382 
414 
424 
^448 

4§6 
477 
518 
519 
509 
.527 



$72 
*' 85. 
102 
121 
144 
164 

196 
*23 
276 
'298 
350 
400 



$ar- 

102 
120 
129 
138> 
r 143 

147 
-156 
165 
175> 
'-193* 
20? 



196* 
1962 
196?' 
1964 



1966 

1967 .... 
1968 
1969 
1970*. 
1971 .... 













3.702* 


2.525 


528 


c .428 




3,816 


~~ 2,607 


573 


41S . 




4.072 


; 2.788 


615 


430 


* 239 


^4^*46 . 


3329 


4 670 


. " 476 


, 271 


4,750 - 


^.3210 


' 715- 


\ ' 525; 




* 




-Constant 1972 dollars 1 


o - * - . 


$1,723 


$1,009 


$482 


, $105 

' i2i, 


$J27 > 


'1.989 


* 1314 


505 


147 


2*03 . 


- 1346 


&1 


145^ ' 


4 170 


2.757 


1330 


- 578 


169~ 


- 180 


3.165 ~* 


.-2.194 


. 583 


198 i 


■ - 190 ■ * 


3,461 * 


^2,445 


- 603 




192 


3.680 


. 2387 


/ 646 


255 * 


, . 19? - \ 


3.^33 


2.T50 


6Q4 


282 


\ .197 


3,980 


- 2318 


627 


334 


200 


339§ 


2J51 


598 


344 


- 202^ * - 


3354 * " 


2;7Q? 


557 


383 


' 211.; 


3.661 . 


\. 2,478 


549 






„ 3.702* 


2325 


528 


" 428 




3.607 -. 


■ .2/64 


* 542 


395 


> 200 " , 


,3.498 


2395 


528 


369 c 


205 


^ 3.494 


2380 


' * 527 


- ^ 374 


• - 213 


3351 


2,400 


535 


393 


. 224^ 



M$72 
1973 



, ' GNP implicit price def lalorsoised to convert current dollars to constant 1972 debars. 
-NOT^: Detail may not add to*totai$ because of rounding. 

SOURCE. National Science Foundation, National Patterns of r£d Resources. 1&3-76. 
' (RSF76-310). p- 29. * 

See Figure 2-7 in text 
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Tabfe 2*8. Applied research expenditures by source, 1960-76 * 



/ 

•/-. 



>' -V- * * 




tDollars In millions] 




• > 

— 




f - - v *#' 






• 




Other ;„ 








Federal 




Universities 


nonprq/it 




Year 


Total 


Government Industry 


and colleges 


Institutions 








# 


. Current dollars 


- 




---- .* 1960 * «* «•-««-«. _ 


$3,057 


$1J25 








• V - 




3,115 


1,804 


; i*i97 


69' 


-40 - 






3.727 


2,127 


1.473 


10 


Of - 




"*1963 « * * 


3325 


2,205 


1,487 


72 


61 - 




1964 «.«*«. »■» . .... • 


"4,238 


2303 


1,596 


77 


62 . 




—3965 ■ j» • * « * . * m m a * . • 


4,470 


2.653 


1,658^ 




/ 1 






4,747 


2.729 


* 1.844 




©o# 


: i>- - 




4,968 


2,874 


1395 * 


102 


Q7 




,1968 


5,356 


3.020 


2,132 


, 97 


* - 107, 


# _ 


* ' 1969 


5533 


2,982 


2327 


105 


119 




*• -J970 


5319 


3 £53 


2.433 


* 98 


.130 




* 1971 


*076 


^ 3.ai3^ 


-2305" 


us 

s 


. ;143 






6,276 


3393 


2399 


132K 5. 


>152 ----*■ 






6,829 . 3.650 


.2336 


166 


177 




1974 


7315 " -3.988 


3,139 


206 


.182 




:- I975(est) — .... 


8.275C 


4,458 


3389 r 


- 231 . 


197 






8^25 




3.645 


250,: 


- 205^ ; 










Constant i972doHars $ 


> 





'1960 $4,452 



I96f 

1962 .. 

1963 .. 
1964 
1965 

1966 
"I9te .. 
1968 
1969 . j 
1970 
1971 



1972 • * r^i 

1973 

1974 

tS75(est) 

1976{6§t.^ «••••.••». 



4,496 
5333 

5343 
5329 
6,015 

6.487 
6380 
"6.479 
6328 

B3?6; 
6.455 * 
6,456 
63te 
6.6^. 



$2312 
2.604 / 
3.015 
3,080 
3,442- 
3^70 - 

3355 

3,637 

3.658 

3,439 

3366 ■ 

3,450 

3393 
3,450 
3,426 
•3303 
3,607 



$1,788 
1J*6 
2,088 
2,077 
2.19S 
2331 

£402: 



$96 1 
100 J 
~ 99 J. 
101 
1C 
418 

116 
129. 



2,683 


? r 121 


2363 


107 


5.609 


120 


2399 


132* 


2331 


157 


2.697 


177 


2363 


^182 


2,725 


187 



$55 
65 

31 - 
85 

85 ^ 

9§,>'* 

411 
123 
130 



137 
142 



149 

7152 \ 
167 \ 



152 
167 
156 
155 
153 



• GNP implicit pri& deflators used to convert ciif«OTtdollTOtocpr^taht197Zdoitorsw \ 
"'*''.'<+■ * - - ' + 

NOTE: detail may not add to totals because of rounding, ' 
* " - i4t - - - > - b Q . .. , 7- * ^ 

SOURCE. National Science Foundation, Nattona) Patterns of R&b Resources, 1953-76 ' 



{NSF 76-310). p- 30, 
See R^ure 2-7 In text " 
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JaWe 2-9. Development expenditure* by source, 1960-76 



5 fc ** 


* 


{Dollars in millions} 






* " 
* ^ - Year 


total 


VaUYCI 1 li I JCJ 11 


Industry 


Universities 
and colleges 




♦ Other 
nonprofit 
institutions 








Current dollars 


* *~ ~ 


,JSW #w ....... .. 




$64534 


$2,949 


$11 


^1 f 




— Q POT 


^6,619 


3.202 


* 11 


r C- 






6 J03 - 


3.259 


13 " 


" OA 


1963 


11.294^ 


7.704 


3$43 


- 14 ' 


. 28 


1964 *.......».«... 


12355 


3,455 


~3360 


14 , 


-.26 


-1 «*/ww .............. 




* . 8,563^ * 


4.433 


15 




196& ' 

a . ...... « mmwm 




Q07C 


4377 


18 




1967 


15,203 


9373 


5.762 


, 20 .a. - 


53 - 


1968^ 


16.027 


9.606 


6347 


17 


/ 5?* 




16,775 


9,546 


7,152 


17 • > 


80 


1 970 * a • . » ^. .*.*.. 


16,607 


» 9.037 


* 7,492 


13 


65. 


1971 _ »» -....».. . 


17.154 


9.290 


7J85 


14 N 


85 _ >. 


1972 ' 


18.437 


9.959 


8,392 


16 


" ! 70 


1 973^ «».»..»».» • ^ • . 


* 19.772 


V 10.180 


9.487 


29 


76 . 


1974 - - 


20,735 


10.120 


10300 


V 37 ' 


78 


1975{est) 


22.433 


11.090 


11376 


38 






24,415 


12.09$ 


12.190 


40" 










mstarrt 1972 dollars* 


4 ^ ' 




1960 ...... . . .« . $13,559 

1961 

1962 -.*♦»»»»» 
1963 
1964 

1965 > 17358 



1966 
1967 
1968 
1969 
1970' 
1971 



18,658 
v 19346 
19-410 
19.344 
18.178 
. 17.665 



1972 — . 18.437 

1973 18.688 

1974 *..V- 17312 

•1$75{esL} 17,672 

197#estJ. . ,18354 



12*083 
' 11362 
-11,634 
11,008 
9,892 
9,675 

,9.959 
9.622 
8.693 
8.715 
9.043 



6.484 
7.292 
7,687 
8347 
8301 
8.108 

8392 
8367 
5320 
8361 
9.114 



23 
25 
21 
20 
14 
15 

16 
27 
32 
31 
3fr 



^68 
€7. 
69 
09 
71 
63 

70 ; 

.67 



. ' GNP implicit price deflators used to convert current dollars to constant 1972 dollars. m 

- ' -' ' -~ - * ! - 

NOTE: Detail may not&dd to totals because of rounding. « _ 

SOURCE- National Saence Foundation, National Patterns of R&D Resources, 1953-76 
{NSF 76-310J. q. 31. * - 

- - * * ^ 

See Figure 2-Tih text 
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Tabf* 2-fO. Federal expenditures for R&D and R&D plant, at 

a percent of total Federal outlays, and aa a percent of the 
reUlfvely controllable portion of the Federal outlays, 1960*76 

{Dollars in billions] 



/- 



J — 

Year 


• 

Total* 

Federal * 
outlays 


Total Federal 
R&D and 
R&D plant 

expenditures 1 


Expenditure^ for Expenditures for ; ' 
R&D & R&Dptanf R&>. &R&D plant , 
as a percent of as a percent Of * - 
total Federal controllable - 
outlays Federal outlays 




1960 


$92£ 


$7*7 


. 8.4 






~"1961 « » • ♦">•» .V^". * 


373 


93 


93, ' 

***** JL n * 


^ na -'r--' " ;- 




*1962 «»..»« » » 


1063 


10.4 


9,7 * " * * 






.1963 .a.*.,,..... 


111 A 


12.0 


103* 


. NA 






118.6 


14.7 


12.4 


NA 


'_ ' - - _ 


1965 ..... 


118.4 


143 




NAr > 




1966 .»«••«•«*.* 


' 134.7 


16.0 * 


i 113- 


NA - _ -V ' ~ 




1967 .*..»....«. 


1533 


163 \* 


>. 10.7 . " 


+ -*163 " * 




1968 


178,8 


173 


--93"- * 


< 14,7 ■ .> 






1843, 




83 


143 . ----- 






1963 


15.7 


AO 


137 • *■ - - - 




1971 


211.4 ' 


.163 


73 


.143 




1972 


2313 


16.7 


m 


133 




1973 


246.5 


, 173 


7 A 


15.1 






268.4 


183 


63 - 


15.t 




1975 


3243 


193 


63 


133- 




1976{est) 


373-5 


21.4 


5.7 


133 




'Reported by Federal agencies. 


it * 









NOTE: NA^ not available. "" 

SOURCE NatK>nai Science Foyn^ation. Federal funds (or Research, Development, and 
Other Scientific Activities, fiscal YeaVs 1975, 1976 and 1977, Vol. XXV {NSF77-301}. pp 4-5.* 
and earlier volumes. * ' \ m , ' * 

See Figure 2-6 in text q * . ~_ 



Table 2-11. Federal obligations for R&D by function, 1969-76 

f Dollars In millions] 



Function 



1969 



1970 



1071 



1972. 



1973 



1974 v 



1975 



1976 
(est) 



\ 




Total $1S,641 

National Defense 8,354 

Space 3,732 

^AIlchffna^R&D 3.556 

Health V.. 1,127 

topment 

version ......... 323 

Sclenc^and Vw 

tStfinoJggy base 5 f 513 

Environment 315 

Transportatrwi and • 4 

"communications 458 

Natural resources 201 

FcJDd and fiber ............ 225 

Education ......... 155 



214 



ERLC 



Current dollars 



$15,340 $15364 $16312 $16321 



7976 
3310 
3.854 

t.126 

317 

525 
»354 

590 
238 
241 

« 147 



8,106 
2393 
4365 
1340 

324 

524 
465 

779 
326 * 
247 
186 

(Continued) 



8.898 
2,714 
'4300 
1390 

383 

601 
533 

615 
354 
291 
191 



223 



8398 
2,601 
5322 
1326 

442 

604 
652 

630 
341 
297„ 
214 



$17,438 
8375 
- 2,478 
5335 
2393 

6Q5 

694' 
693 

' ~ 703 
341 
* 291 
173' 



$19,044 $21325 
9,621 10.641 



2311 
6>I2 
2,178 

1.110 

781 
837 

64jp/ 

439, 
- 349l 
-161 



2379- 

8,103 

2368 

1332 

857 

. 975 

711 
504 
4C?~ 
_ 183 



; Function 1969 

Incorne security and 

. social services 97 

Area and community 
• development, housing. i 
, and pubtic services. ..... • * 4$_ 

Economic growth and ^ , 
^ ^prodoctmty .,^*™^ 7 ^ # .56 
Crime prevention and~" - _ 

control " 5_ 

International cpoperation 

and development 27 

Total ,$48,036 

' National defense 3,633 

Space ...................... 4.303 

All civilian R&D 4.100 
.Health...................... . 1,299 

. Energy development "* 

and conversion ,* 378 

Science and 
technology base 5 ....... 592 

Environment ......... 363 

Transportation and 

communications 523 

Natural resources ......... m 232 

Food and fiber 259 

Education . ...... I 178 

Income security and 

social services 111 
Area and community 
development housing, 
and pubiic services ..... 57 
• Economic growth and 

productivity 64 t 

Crimeprevention and 

"control .. 6 

fcrternatkxtai cooperation 
and development * 31 



1970 



1971 



1972 



1973 



,1974 



1975 



1976 

{est} 



Current dollars 



106 

91 

-79 
9 
32 



132 

108 
93 
10 

^32 



129 
101 

25 
29 



162 

118 

• /. 

63 

.35 
-"33 



137 

120 

68 
36 
27 



151 

127 

■ . 63 
. 46 
' 30 



154/ 

137 
79 
63 
34 



Constants 972 dollars*. 



$16,791 
8.731 
3,842 
4,219 
1.232 

347 



$16209 
• 8,442 
* 3,013 
4,754 
1,396 

337 



$16,512 

asss 

2,714 
4,900 
* 1.590 

383 



$15^99 $14,980 

8505 7,710 

2.453 2.129 

4.93$ 5,142 

t.537 „ 1,802 



$14,966 
.7,561 
1,973 
5.432. 
1J12 



$16,168 
7.956 
2,153 

1.770 



418 



520 



.872' 1,220 



574 
383 


545 
484 


601 
533 


571 
616 


596 
595 


614 

,658 


• 641 
729 


• 


646 
260 
263 
160 


811 
339 
257 
194 


614 
354 
291 
191 


595 
322 
281 
202 


604 
293 
250 
149 


% 504 
' 345 
274 
127 


^01 
141 




1*6 


138 


129 


.153 . 


118 


„ 119 


115 * 


t 


100 


112 


101 


112 


103 


100 
50 


102 




87 


96 


58 


64 


53 


59 




-9 


11 


25 


33 


31 


36 


^47 




35 


34 


29 , 


31 


23 


* 24 


25 





Basic research obligations «h»ur« ^a 4 , oe asso^ateo w.tr, the agencies missions are apt intruded here but are distributed 
* across the appsopnate functions. * * 

GNP Implicit pnce deflators used to convert current dollars to constant 1972 dollars. . 

NOTE Detail may not add to totais because of rounding. " * 

~~ - . Function categories are not the same as shose of Appends Bible 1 -3, e.g . Advancement of Knowledge" does not 
equal "Scsence and Technology Base; " " ' 

'* 

, SOURCE. Nabonai Science Foundation , t As, Anaiysa of Fedetai R&D funding by Function. 1969- (ttSF 76-325;, p. S. 
See Figures 2-9 and 2-10 and Tat£e2-31 in text : " * 
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Table 2-12. Federal expenditures lor R&D ptenl, 1960-75 

-4 " {Dollars inlmflfions] . 

Current Constant 1972 
Year * dollars doijars* * 

1960 - $443* $646,3 

1961 539.1 * 778.1 

1962 .7794 ' 1,104.3 

1963 *. 673.6 940-9 

1964 948.1 1,303-9 

1§65 .y... v ...^ r 1^077.4 1.449.7^ 

1966 , ^ \0473 ,1^3) 

.1967 .....jfTT* 736-1 9943 . 

*1963 JL- 715,9 867J0 

1969 6522 752.1 

1970 578S 6316 

1971 S12.7 : 6384 

J* * * - 

1972 564,4 \ ±»> 564.4 

1973 .- 633j0 - ~ 803J0 

1974 7045 S04J9- 

1975 * 829-7 " 652J0 

: : 0 

* GNP implicit price deflators used to convert current 
dollars to constant i 972 dottars. 

SOURCE NatJonel Science Foundation, Federal funds, 
forftesearch, Development, and Other Sdentific Activities, 
j=*scaT Vears 1975, 1976 and 1977, Vol. XXV, Detailed 
Statistical Tables {NSF 76-315), p. 93, and earlier volumes. 

See Figure 2-12 in text 
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,T»Wra-l3L Federal oBflgttfons forfl&D plant by performed 962-75 
lDo4lan>in^njfBons] • • 



Federal Universities Nonprofit * 

year Total _ intramural Industry and colleges FraPCs 1 institutions 

; Current dollars - « ~ 

1962 .~ $779.1 NA NA HA NA NA 

-1963 1.1683 NA NA, NA NA NA 

1964 --..-^ 1.0985 NA NA . NA NA NA 

1965 1,131.6 $913.0 NA $141^ ,$5#2 NA 
1968 ..../... * 8533 6293 _ HA 1623 314 NA 

1967 620-1 v 239.0 NA 111.7 1383 r NA 

1968 - 6033 2943 $81-7 98.1 101-7 $203 

1969 ........ 6693 2604 141.7 * 613 ' 1763 253 

1970 ... 524.4 * 1663 1023 5&1 1693 283 

1971 r v 6115 2003 * 16J.4 49-2 .17aV 5 53^- 

197Z 602.1 2463 142.4 453 * 130.4 * 303 

1973 7743 3233 2213 423 1623 183 - 

1974 7663 308-7 294,1 * 253 118.4 83 

1975 jEO.7 3463 2ST13 353 1313 - 14.1 

Constant 1972 dollars* - 

1962 ........ $1,1043 NA' ~HA * NA ~~ NA ^ -NA 

1963 ........ 1,6313 NA NA NA MM MA 

1964 ........ 1,5103 . NA NA KA ■ NA * HA 

1965 ........ 13223 $1,2233 NA $1903 $675 NA 

.1966 ........ 1,1132 «9.4 . NA 2123 403 NA 

1967 ...I.... * 784.7. 3025 NA 141,4 175.7 NA " 

1963 7313 3563 $983 1183 „ 1233 $253 

1969 I....... 771.4 3003 163.4 71.4- 2033 *- 293 " 

1970 ........ 5743 • 181.7 1123 61.4 1853 315 

1971 ........ 6365 2083 1743 515 / 1863 aO * 

1972 60Z1 2465 142.4 ; 453 130.4 303 

1973 ........ 7313 ~ 3063 2093 403 * 153# 173 

1974 ........ 6583 2652 2523 215 . 101.7 7.1 — 

1975 ........ 6453 4 2725 229,4 285 1035 11.i 

: — -j , -i 

* Federally funded Research and Development Centers adrninisterecfby universities. 

* GHP knfAkxt price deflators usedio convert ctftrent dollars to constant 1972 dollars. 

NOTE. NA - not available, Detail may no! add to totatebccause of rounding. 

SOURCe National Science Foundaton. federal Funds for Research, QeMopmont, and 
Other Scientific Activities, Fiscal Years 1975, 1976 and 1977, VoL XXV. Entailed Statistical 
TaWes (NSF 76-315), pp. 94-95, and earfter volumes. * - 

^Se&*5§ure2-13 in text _ '* _ ~_ ■ _ 

-TV . , 
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Table 2-14, Federal obHflaUons for R&D ptant «* a percent of Federal obligation* 
<. . fbriol^*OlnClpdlngp^W%P*rformw,1962-^ 



— gr 




-*» ' Federal- ' " * Universities *\ NgjTgfofit 

Year Total Intramural Industry and^cbHeges FFRDCy 

-.- - ~t ----- . ' Percent ' V 

1962 I NA ~ NA NA NA : NA,; 1 
-'1963 *1 ..... * S , NA <.- NA, NA - - NA NA , * 
^964 t. 7" NA NA NA X NA - NA* : 

1965 .T..,w . 7 . 23 *. rNA 44* ^8 J*pf . ; 
•1966 .5 16 NA - 11 5 NA 

1967 ?. " 4 7 NA . 7.' 17- • * NA". 

■^966 A *f *1 * ' 6 " 12 ^ * 

.1S6B «%...,.. 4 7 -.2 .4 . 20- * ■ 

1970 Y-...r?. *3 1. 4. £18 4 

1971 ; ..■ 4 5 2 I ' 3 20 J 1 

1972 4.5 2 . 2 1| 4 . 

1973 ........ -4 - 7 3 2 IB' 2 

1974 4 - 6 3 1 13 _ 1. . .„ 

-.1975 ......... 4 6__ 3 1 • . * 12 1 

' j Federal obSgafons fof R&D ptant (dollars in miiltons) * 

,1952 - -5779.1 NA NA NA' : ~ NA ~ NA 

1963 1,1633 NA NA . NA NA ^ /.NA 

1954- «f0ea5" NA" NA NA - . NA % m 

M955 ........ l5£-L6 S91&0 NA $141.6 $502 NA 

1966 1 8535 - 629.0 NA 1623 31.1 NA 

1937 e * 620.1 12390 NA 111-7 1333 ~ . NA 

1963 * 603JB- 294-2 $81.7 '98.1, J01.7 o $20S 

1969 669.0 260.4 141:7 613 ^763 253 

1970 524,4 x 166.0 , 1023 5ai 169.0 " 233- _ 

1971 ........ * 6112 ~" 200.0 167.4 492 178,7 ? - 53 

1972 1 602*1 2406 14Z4 453 _ 130.4 ,303 

0973 ........ '7743 323.8 2213 *42#~*V 1623 183 

1974 * . 7663 303J 294-1 -253 1ia4 83 

1975 l 8207 % 3463 2913^ 353 1313 s 14.T 

F ederal obligations for total R&D including plant (dollars In millions) 

1962* ♦ $11,065-7 $23413 NA NA NA NA ^ 

1963 13.6503 33732 NA . NA NA . NA 

1964o....... 15310.4 33022 NA m $1.1583 $5793 NA 

1965 '15.7312 4305.7 NA V 1,3297 5993 NA 

1966- 16.162.4 4.0253 NA 1*4893 6713 - NA 

1967 ........ 17,149,4 3.6343 NA j 13662 8053 . NA 

. 1963 163253 3.787.4 $9341.^/ 1338.4 , ^153 $6403 

1969 ......... 163062 3.7583 9,266./ 13973 39?3 634l7 

1970 1....... 153543 4,0413 8.4^/fe 1329.0- V 918.7 — 7403 

1971 16,1603 43653 ^8278.1 1,693,7. 9073 .701 3__ 

. 6 • > 

1972 17,154.7 4,7424 83233 13473 - ,8910 7762 
1973^....... 173953 43423 * 1358,1 8873 8023.. 

' f974^.. .A... 182043 . 5.4233 8,732.1. * 22393 *9073 9103 

1975 193653 5.741.7 9,4053 2.4383 1,066^ 9513 



* federally Funded Research and Development Centers administered fay universities. 

NOTE NA - not avajlaWe\ v Oetail may not add to totals because of the omission of State 
ar»d ideal governments and foreign performers, * 

SOURCE. National Science Foundation, Federal Furxjs for Research, Dev$k>pm&nt t arid 
Other Scientific Activities, Fiscal Years 1975, 1976 and 1977, Vol. XXV, Detailed Statistical 
Tables (NSF 76-315). p- 1 , and earlier volumes- . . ^ 

See*Figure2-14fnte^ , . . * 
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_ - Table 2-15. Federal obligations for sctentificrand technical informaUon 

fetfvities compared with total federal R&D obligations, 196$7£~- 

< - - . ^ . _ _ . ; - - 

. 1 : a : = : 

ObligaUons (or scientific m - ' • 
7 ~ and technical information _ \ 

* activities (in millions) , 4 

~ * .* . Ratio of these obligations 

* % - 'Current Constant 1972 . to total Federal R&D 



Year 



. - . 1960 -i ........ 

\ v 1961 

1962 ........ 

. 1963 

r ' • 1964 ........ 

v 1965 ........ 

- -- ; . "1966 ^ .; 

1967 ....... 

- *■ - - ^ ^1968 

1959 

1970 ........ 

, ^ 1971 ........ 

»* 

4972 ........ 

1973 ......4. 

^ 1974 ........ 

. -1975 ........ 

- > 1976{esL) .... 



dollars 


dollars* 


obligations 


$76 


$110 


.010^ 


92 


132 


.010 


129, 


182- . , 


.013 


165 


230 


* *.013 * 


203, 


279 


' .014 


225 


302 


.015 . 


278- 


362 


3)18- 


324 




.020 


359 


, v 435 


- .023 


362 


418 


.023 


387 


423 


":025 


333 


414 


.026 


419 * 


• * 

419 


3)25, - 


438 


414 


-.028 . 


443 


* - 381 


. 025 " 


398 


* 313 


.021 


430 


321 


.020 



: •- * *. 

* GNP implicit price deflators used to convert current dollars to constant 1972 dollars. * 

^ SOURCE- National Science Foundation, Federal Funds for Research, Development, and , 
Other Scwnjrftc Actrvrties, Fiscal Years 1975. 1$76 and^$Z7* Vol XXV. Oetailed Statistical 
Tables. <NSF 76-315). p. 153. and earlier volumes, v - 

Sea Figure 2-15 in>text * - 
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' ^ Table 2-16. Federal-obligations for scientific and t 
; ^ , : activities by agency, 1960p 

\ C pollars Uvmillions] 



and technical fnfprmatkm 



Year 



Total DOD 



. - Library 
r of 
HEW Commerce Congress NASA 



Interior NSF USDA 



Other 
agencies 



Current 'dollars 



i960 

1961 

1962 • ». *• 

^965 "^ 



1966 ««•<$« 

1967 i.... 

1968 ..... 

1969 ...... 

1970 

1971 ..... 



1972 

1973 

1974, ..... 
'1975 .... 
1§76{e$L} 



$76 
92 
129 
165 
203 
225 

278 
324 
359 
362 
337* 
398 

419 
438 
443 
398 
430 



$16 
23 

\ 38 
! 53 
. 84 
| 99 

119 
- 159 
155 
147 
145 
141 

150 
' 161 
151 
87 

,96 



$10 

12 
.24 

27* 

24 

Zt' 
53 . 
/60 
65 
66 

73 - 

68 
67 

77 ' 

80 

78 



$23 
27 
28 
31 

33 

, 37. 

42 

46 
47 
4 52 
60 

69' 

78* 
*85 

89 
♦ 98 
108 



$5 
6 

6- 
/8 
9 

10* 

13 
13 
17 
20 

22 , 
25 

30 
32 
29 
31 
33 



3 

20 
J9 

23 
' 24 
27 
28 

■> 27 
27 

- 27 
25 
23 
24 
25 



$4- 
4 
5 
7 
8 
9 

10 

12 
14 
13 

13 
14' 

14 
16 
20 
.25 
30 



$7: 
7 

10 " 
10 

13 

16 
12 
16 

15 
14 

12 

. 11 : 

10 
< 7 



$4 

.'• 4 
4 
4 

6 

6* 
14 

8- 

9 
10 
40 

11' 

13 

13 

14 

17 



$6 
6* 
7 

11 

8 - 
8" 

12 : 

11 

16 - 

•16 

29- 
25 

29 
- 25 
31 
34 
36 



1960 w. 
1961. 
1962 
,!l963 
1964 
1965 



1966 
1967 
1968 
1968 
,1970 
;1971 



1972 ••«• 
1973 

. 1974 #»..»• *-* . * • . 

1975 

1976(est) 



$110 
132 
182 
230 
279 
302 

362' 

411 

435 

418* 

423 

414 

-419 
' 414 
381 
313 
321 



$23 
33 
64 
74 

116 - 
133 

155 
176 
188 
170 
159 
147 

150 
162/ 
130 > 

68 ' 

72 



$15 . 
17 
34 
38 
33 
32 

48 
, 67 
73' 
75 
72 
76 

68 
63 
.66 
63 
58 



$33 


— % 

$7 




$6 


$10 


39 • 


9 


4 


6 


. 10 


40 


9 


10 


7 


• :14 


43 


11 


, 120 ' 


10 


14 


45 


/ 12 


28 


11 


17 


50 


13' 


26 


12 


.17 


55 


17 


30 


13 


1 21 * 


58 


16 


30 


15 


15 


57 




33 


17 




60 


% 


32 


15 . 


14* 


66 


24* 


30 : 


14 


16. 


72 


26* 


28 - 


15 


» 15 


78 


30 


27 


- f 
14 


- 12 


80 


30 


24 


15 


10 


76, 


25 


20 . 


17 


* 9 


75 


24 


. 19 


20 


. 6 


81 


* 25 


19* 


22 


6 



$6 


$9 


6 


9 


-6 


10 


* 6 


15 * 


. 7 


11 


.8 


11 . 


* " * 




8 


16 


18 * 


14* 


<■ 10 




10 - 


fA- 


11 * 


i'tt - 


-10 k 


x 26 


11" 


% 29 


12 


.26 


: , 11 : 


27 


n 


27 . 


13 


27 


0 



* GNP^mpTicit pricejdef lators ys©d to corivert-ciilrrent dollars to constant 1972 dollars. m ' 

* NOTB Detalfjnayrwtatkf to * 

SOURCE National Science FouMhrnMlr ai Z^nds for H&seatch, ^Development, and Other StientificActMUes, &scaf 
Years 1975, 1976 and 1977, V<& XXV Dejiiled Statistical Tables (NSF 7S315). andearlier volumes 

r ^ — - \ * v ;i 

* See Figure 2-16 In text * , ^ . u * „, * 
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Table.2-17. Federal obllgalI6ns*Jor scientific and technical information 
\ acthrjtfe* by type.of activity*, 1960-76 - ■ v. 

(Dollars in millions! ' 



Year 



Total' 



Publication, 

and 
distribution 



" .fl&D in information * 
Documentation, sciences, dpcurftentation 

reference and Symposia and , and information 
information audiovisual systems] techniques 
services . media apdjdevices 



Current dollars 



-I960 $76 

.1961 . - '92 

;3j962 *...w. y . ...... 129 

1963 .....7...% • 165 

1964/,. 203* 

1965 . 1^... 225 

X 1906 278. 

1967 '324 

1968 .V* . 359 

1969 362 

1970 387* 

1971 393/ 

1972 ;•„..;„........ 419 

1973 .... 438 

.1974 « 443 

1975 ... 398 

f976(est) 430 1 

; — 

1960 & %U0~ 

1961 132 

1962 182 

1963 *....... 230 

1*^64 ... ...... .*. ....... 279 

1965 302 

1966 ...if....,;,;..,. 362 

1967 4X1 

1968 ................. 435 

1909 ...... ........ . ^118 

1970 .v..... 423 

* 1971 414 

19?£ .\.'f--\419. 

1973 .....^.........f «4f4 

\ 1974 381 

3975. 313T 

1976{est}' 321 



$37 
49 
56 
68 
65 
68* 

83 

87 
101 ' 

96 

99' 
106 

117 
123 
129 
123 
138* 



r 



$28 
29 
42 
64* 
99 

102 

125 
153 
166 
171 
193 
194 

197 
198 
199 
179 
192 



$8 

17 
21 
25 
32 

22 
32 
34 
32 
33 
33 

37 1 

33 

35- 

24. 

26 



* Constant 1972 dollars 1 



$3 
7 

'18 

s 

22 

48 
53 

* 59 
64 
62 
65 

70 
79 

* 79 
72 
75 



- $54 
70 
79 
95~ 
90? 


..$41. 
. ,42 
60 

'* 89 
* 136 
*- 137 


$11 

: MO 

. y 24-* 

29 
34 

- 43 


$4 

, . *10, 
19 . 
17 

19 - 
30 


108' ' 

110 

122 

111 

108 

110 


• 162 
193~* 
201 / 
197 
♦ 211 
.'202 


29 - ' 

40 * * 

41 

37 

36 

34 m % 


62 ^ 

67, - 7 

s- • 

68 

; 68 ' / 


117 
116 
111 

97* 
103 


197 
187 
171 
141 
144 


- 37 
-A. 36 

.-s ? 30 

19 

19 • 


70 
76 
68 
• 57 
* $6 



V Gti? jmplicit price deflators used to convert current dollars to constant 1972 dollars, * 
NOTE: Detail may not add to totals because of rounding. - • ♦ 

SQURCE National Science Foundation, Fedeta* Fumfc lot ReseaitJi, Deveioprpeni. andOthet SuentfftoActmties/fss^at 
[ Y&rg 1975. me and 1977. VoLXXV Detailed Statistical Tables (NSF 76-315). pp. 156-157. and earlier volumes. » . 



* See Figure 2-4f*in text 



- * -* ' . - - r , • ~ - --- . . i - - -^r- - -- . -. , * : r ^ i > 

'- * - • . ~ m .~ • - - „ • _ * _ -j- - 

- >~ -^.v *-]>' ?• **->=:. ; ; ... . - ^ ** r ' 

:; ---">" v .' v- y U^- - v " ; : / . < 

/v ; . . " ^ 0 * - - • - -- 

; v. / - : - •" ; 5 " . - - 

; f ".rj « , , v* * Table 2*18.rSdentinc and technical * . - ^ » 

V , , - ^Jtidei publlthed by U.S. aulhpre In ^ z / 

% ^ * : ' v ; U^- primary Journals, 1960-75 \ ■* - 

* '* . ^ Index: 1960 = 100' / 

- V ^ _ . ■ Year „ • . • ' fndex ^ 

^ - y 1960 ....v 100 

1 " — , . ^1962 .......... 115 _ 

: V f . * . 196B* f„..s w r.. 175 . * - - 

- - 1968 r..± 193. , 

, » \19£9.., ^215. 

. • - . ■ • < 1^0 . ^24 ! ^ - % . ' 

- • 1971 ,...f - f 231/ • ' 

. * - - ' 1972 239 ^ * ' 

^ - c ^ 1973 f 2445 ~ 

- 1974 „:.".... - ' 243 \ - ^ . " 

_ ' ' V # 1975(est>- ; 254 v »^ ■ ■ 

* ^*.. r ,r . NOTE Data for 1961, 1963/ 196&S- and 1967 are noU * _ ^ ; 
* V*-"-.. / /' available Estimate is shown fof'1^75T v j ^ r;T* ^ 

' . ; - . ' ' * ' ' - * 

SOURCE: National Federation, of Abstracting and - 
Indexing Services. Science Literature Sftdicatcfp StiJdy, * * t 

/ ^ 

, y • See figure 2-18 in text / * <** ' 

«^ *7 ^ • %"* ^ 

- ; , . -'•»!. ' . ' .• x*; : *-y i% . . ' a„ 

9 ^ - , .-' ' * . .'"•»*:••• *■">. 




.c- 



» r-- 



.- r 




A* 



. ^ TfWe tfaslc reieaYch expenditures, 

' *£ * v-I£?oli^fnfn}iiioosj 4 



Year 



Current _« v Consent ' 
dollars . 1972 dollars ' z 



,7 



3*- 



I960 $1,183 4 t $U23 

/|961 -J* •••••*• , % "1*373 ,*'* 1*989 

' r962 »^.«. itVriftt** 1,695 2,4^)3 

19fir.V^^--«^C-. ; „V 1,974 2.757- 

"1964 *f * • a . i • • * 2,301 , 3,^65 

£572 ' 3.461 



1965 



. .^ t «.ti - 2 , 82 5 * 

1967^ ^ ^3,029, 

■'^.ISfrjSS •n.^« ot^M ^3,286 

1969 " • • mf>mA» « • i- * »_« • • * 3^378 

/ 1970 ? i ,% 3.521 



3,680 
3.833 
3.980 ^ 
3.895 '.- 
'3,854- 
3,66* 



1 972 «^ * # • # • 

1973 *..«^ 

1 974- _ m • * m •*» m* m • 4 

197&{est.) ......... 

1976 {fest) , : 



3.702 - 3,702 ' 

3.816" 3.607 *, 

4.072 " ,3 4 4d8 _~ 

4.-J46 3,494 

4.75a '. 



f % * GNP tmpHctt price deflators used to convert curfedt-* 
J * dollars t6 constant 1972 dollars. 7 

* . * SOURCE^ National .Science: foundation;,* fytttoriat' 
- PMiems of /?&Ofiesotf«3tf 955-76 {tySF 76-31 0)lpp^22- " 




'* J" 4 

i * * -* r 

'< # 



# V ; - 
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Ta&e 3-2. Basic research expenditures by performer^I960-76 

^IDollars in millions] . % * 



\ - ■* 



1 



Votaf 



Federal 
Government ' 
laboratories 



industry 



Universities 
ahd colleges 



FFRKre 1 



vOtbei" 
. nonprofit 
institutions 



Current doilais 



- - - *r * - 

1960 

- 1963 * )u-»« # » 
.1963*.. 

"*1964 ^*««»* - 
1§65 

'1966 « ♦ » • ^» • »-» 

1967 *-^* 

1968 «•-••*• 

1969 * . » *'»_« **#~«*^-» 

1970 #»»..***«~ 
1971' 

ife — . ;? 

1973 » » » • - ^ • • • • • 

1974 «*^v*>**»-y«** •#••• 
19T5{est) 

1976{est) 



$1,183 

= * 1,378- 
; 1,606 
1,974 
2,301 
Z572- 

^2*25 
, 3,029 

3,286 
* *3£78 * 

3£21 ^ 

3,515 

3,702 
- 3^16 
A072 
4.446, „ 



$160 
206 
251 
299 
364 
424 

445 
472 
502 
565 
646 
_ 535 

607 
585 
661 
736 
750 



$376 
395 
488 
522 
549 
592 

624 
629 
642 
618 
602 
581 

579 
621 
683 
725 
775 



$433 - 
" 538/ 

659 

814 
1,003 
1,138 

1,3(8; 

1,457^ 

ifift:' 

1,707 

1,796* 

1314 

2,021 
2,05a 
2,154 
2,397 

aeoo 



' $97 

; IS* 

159 
191 

227 7 
276 i 

^ 260 , ' 

* «297 - 

. 300 f 

306 : 

-. 335 ' 



126 ^ 

- 161 

. 180 ^ 

* 194', * 

_;JH0 

221 

* £17 - 
>2*3 

206 "> 
225 - 

245 

-255., - 
.274 
280 
3290 



Constant 1972 dollars* 



,1960 

1962 ' y V+ 0 . -» . <^< * » « • 0% 

* ♦ 1963 p». 

,1964"i: 



"ST 



1965 I. 



• • # • * 



; .jv ■- ' ' - 1966 »*****••■•*■*».««■ 

r r>' - 1967 * 
1968 

*_ », _* "* 6 . 1969 • « 

^ 1970 ..'.*.,.~«grw. 

,*-.,*■ * .1972 • • 

^ri* 1973 

'*<3974 .^U-.^ 

- V ; - f . 1975^est) w.^.*-- 
*- .1 # ;^.1926d[estrJL.^.- 



^723 


$233 ^ S 


t $54a 




297 


♦570 


2.403 * 


356 


.692 


2,757 


41§ - 


7S9 


3^65 


501 


755 


3,461 


571 * 

* 


797 


' 3,680 - 


^580 . 


813 




597 


. 796 




^603 


• 778 


^3^95 


652 s 


713 




_707 


659 ^ 


, 3.661 


557 


605 


3.702. 


607 


579 * 


3,607 s 


553 


S8J ' 




563 


587 


3.494 


573 


* 570 


a551 




570? 




v > t 1 Federally Funded Research and Development Centers administered by universities. \ 

\ 1 GNPimpficit price deflators used to convert current dollars to ponstant 1972 dollars. 

* NOTB Detail maywt add tp'totals because of roundifia * * . T » ; / » 

_.\ SOURCE- National Science Foundation, Ara/dnai patterns o/S^>?«ourt^s» 1^3-76 (NSF 76-310). pp. 22-23 
, r v * See F»gure3-2 In texC ' 



eric^:> 



TaW« 3^3. Basic r»s«arch expenditures by source 1 , 1960-76 

- {Dollars in millions] *^ 







- 




"Universities 


Other 






Federal 




nonprofit 


Year 


* Total 


(flovemrnenf 


Industry 


and colleges 2 


institutions 


• 




- 


Current dollars 




I960 ^ 


, $1,183 


$693 


$331 


$X2 


$87 


1961 


1,378 


841 


- 350 


85 * 


• 102 




1,695 


1,091 


382 


102 


* 120 


1963, 


1,974 


1,310 


414 ' 


121 


129 


1964 


) 2,301 


1395 „ 


; * 424 


144 


138 


1965 


< • 2-572 
^~ ***** 


1,817 ; * 


448 


164 ' • 


"143 


1966 ..^....T 


*\ 2,825 


1,986 *t 


496 V 


196 


* 147 


1967 


} 3,029 


2,173 


477 


223 


156 


1968 


3.286 


£327 


518 


276 


165 


1969 


3,378 


2386 


. 519 


293 


175 




3321 


2,469 


509 


350 


- 193 


1971 


3315 


2,379 


527 


400 


209 


1972 . \ 


3,702 


2,525 , 


\ 528 


* 428 


221 


1973' 


3,816 


2.607 


5f3 


413 


'218 


W4 


4,072 


2,788 


615 


430 


239 


1975 (est) ... 


4,446 


3.029 


670 S 


476 


271 


1976 {est) ... 


4,750 


3210 


715 


525 - 


r 300 



Constant 1972 dollars 1 



1960 $1,723 

1961 ^ -1,939 

1962-......., 2,403" 

1963 2,757 

1964 3,165 

1965 ,.3,461 * 

19* ....... 3.680 * 

1967 3,833 

1968 * 3,980 

1969 3.895 

1970 3,854 

-197T ........ 3,661 



1972^ 

1973%...^ 
_» fc 1974 ..... 

1975 (est) 

1976 (est) 



3.702 
3,607 
3.493 
3.494' 
3345 



$1,009 
1,214- 
1346 
1330 
2,194 
2,445 

2387 
*2,75£ 
2,818 
. 2,751 . 
; 2.702 
* 2.478 

2325 
2,464 
2395 
"2380* 
2 t 396 



$482 
505 
541 
578 
583 
603 

646 
604 
627 
598 
557 
549 

528 
542 
-528 
527 
534 



$io£. 

123* 
169 

198 - , 
221 

255 

isz 

334 . # 
544 
383 
417 

r 

' 428 4 
. 395 

369 

374 

392 > 



$127 
147 
170 
180 
190 
192 

; 192 

,197 
200- 
202 

218 

< 221 
' 206 
L205 
*213. 
224 



* Ove/ 50 percent of the total basic research expenditures are accounted for, by 
universities and colleges. Because data on individual non-Federal sources of basic research 
expenditures are not collected by survey but-are estimated by NSF. the expenditures in the 
Mae£ three colunfns of this table are only approximations, . 

2 Includes State and local government sources; 

3 GNP implicit price deflators used to convert current dollars to constant 1972 dollars. 

" r * 

NOTE -Detail may not add to totals because of rounding. ; * 

* * 

SOURCE- National Science Foundation, National Patterns of R&D Resources. 1953&6 
HN$F76-310},p.29. • / . ♦ " 

jSee Figure 3-3 In text 
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TWe 3-4. Federal obUgations lor basic research *s a percent of 
... each agency's R&D obligations by agency, 1960-76 



* Year* 


Air- 

- agencies 1 


UoUA 


DOD * HEW 


S*DA*« 


NASA' 




/ftl other * - 










Basic research as a percent of aH fl&D obligations 






: 1960 




NA 


27* 


.3 _ * 


32 


• 14 


NA 


91 - 




1961 




NA 


29 


3 


3? ; 


~ 20 ^ 


"NA ^ 


? 92 


r'S . • 


.1962 ........ 




NA 


32 


3 


33 


19 


NA 


91 




_ • 1^63 




" 9 


33 






, 20 






' 20 


1964 




-NA 


36 




35 


19 


NA" 




22 --V.- 


1965 




J*A 






35 


21 


NA 




22 


1966 - » - * ' m* 




NA 


40 


- t\s 


32 


23 


-NA 


91^7 


— r is 


1967 


*?• 


1D 


40- 


- 4 . 


32 . 


/24 


-7 




-15 ^ 


1968 




11 


39 


3 


32 - 


* 21 


7 




^ i? : 


— "lf969 v * a . * m 9 9 w 


. 9* 




-41 


4 


29 


20 


10 


91 


15 ^ 


.' -1970 ........ 


WW* 


•s - 


41 


3 


32 


* 21 


9 


85 


12 


1971 .A 




11 


39 


3 


27 


21 'T 


10 


81 




* 1972 ~ 




12 


39 


, 3 


26 


- 21 


11 


81 


: " 12 






12 


39 


3 


25 




11 


82* 


- 10 - - V . 






12 


33 


3 


25 


•8 


10 


75 


10 






11* 


37 


3 


25 


12 


8 


82T 


^13 


4 !978fe^l ... 




11 


37 * 


.3 


26 


-10 


7 - 


— 85 , 


^ 11 



Federal obligations for basic research 
(Current dollars in mUfiqps) 




5967 , 

- :*v,:* * 1968 Ci..^* 
# _ 1969 

:■ . -1970 - 

J- - 1971. ..... 

^ * 1972 
. - ;^ "J973 

' 1975*... 




NA 


$34 , 


$163 


$103- 


$104— " 


NA 


$68 


*35 


NA 


41 


173 




167 


NA 


77 


39 


NA ** 


50 . 


204 


190* - v 


192 


NA 


104- 


50 


$1,152 


56 


231 


236 


219 


$210 


141- 


< 59 


NA. 


68 


241 


. 274 


238 


NA 


155 


66 - . - - 


•NA 


90 


263 


303 


258 


NA 


- 171 


77 


NA 


94 


„ 262 


326 


^281 


NA 


.* \223r 


95 


1J2B 


100 * 


284 


372 *■ 


302 


3fc8 


--239* 


103 * 


\1J21 


100 


263 


, 397 


282 . 


321 


252 ; 


106 


\1.779 


107 


276* 


°371 


285 - 


380 


248 


112 


\J82 


116 


247 


388 


287 


358 


: 245 


122 


*779 


118 . 


2S2 


397 


277 ' * 


327 ; 


~ 273 


12S : 


' 1B74 


137 


270 


461 


263 


332 


363- 


139 


2,boi 


143 


*-258 


458 


275 " 


350 ' 


392 


\ 125 ^ 


2,039 


146 % 


244 


561 


232 


306 


415 


134 * 




154 v 


236 


592 


247 


242, 


486 


189 - . 


2345 


177 4 


255 


670 * 


274- 


244 


530 


. *195" 



(Continued) 
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Tab* 3-4. (Continued) 



Year 



. agencies 1 



OOD 



HEW 



ERDA? 



NASA 1 



NSF 



AUother 
agencies 



Federal obligations for all H&D 
» (Current dollars irr millions) 



1960 


$7352 




$126 


$5,712 . 1 


$320 ♦ 


$762 


S36& 


$75 


$189 




9.059 




143 


c 6374 


429 


850 


777 


^84 


202 


T 1962 


' 10.290" 




157 


6,723 


577 . 


1,029 


1,439 


114 


2?1 


1963 


12.495 




168 


7£S6 


656 - 


1,078 


2357 


154 


295 


1964 


14,225 




189 


7,262 


777 


1,236 


4337, 


M7o -.: 


305 ' 


- 1965- 


14,614 




225 


-6,797- 


869 


1,241 


4352 


187 


- 344 


1966:-..,*-.,./ 


15,320 


% 


235 


7.024 


1,014 


1,212 


5,050* 


m 244 


541 




16329 


* 253 


8.049 


1.147 f 


1.257 


4,6*7 


262^ 


'694 




15.921 




254 


7.709 


1,252 


1,369 


4,429 


284 


625 


. 19S9 


15341 




250 , 


7.696 


1,297 1 


4-.406 


3363 


274 


744 . 




15340U 




'281 


7.360 


1,221 


1,346 


3300 


. 289 


1343 




15364 




305 


7.509 


1,476 


- 1303 


.3258, 


337 


1377 




16312 




'350 


8318 


1.751, 


1.2937 


r 3361^~ 


455 : 


1.183 , 




16321 




367 


%404 


1.833 


1363 


48a 


1309 


, .1974 


17,433 




379 


8,420 


2.290 


1,489 


3,002 


556 


1302 


1975 


19,(544 




4?0 


9.012 


2375 


2,072 


3364 


595 - 


1305 


> * 1976 (est) ...... 


21,625 




478 


9,905 


2603 


2804 


3,448 


623 


1,764 



Data 0s NASA to*6e*ecteo years are notairai*ao»e because oJ recent adjustments <n *hatis considered ba&c researz* 
2 Included oory the Atomic Energy Commission prk>r to 1974, 

MA = Not available: 

^ NOTE: Detail may not aoUio totals because of rounding. ^ 

SOURCE. National Science foundation, fede/aj Funds lot Research, Development, and Othet Scientific Activities, 
fiscal rears 1975, 1976 and 1977. Vol. XXV. Detailed Statists Tabies. Appendixes QandD, (NSF 76-315). and eart^ 
volumes. * t 



See Figure 3-5 in text ' 



\ 




ERJO 



> 231 



227 



TaMt 3-5. Fedtni <^^*iioas forbwlc research 



IDdlarsin^fflons] 



by »9tfK^#50-76 



Year 



, AM 
agencies* 



USDA 



OOD 



HEW 



EROA 2 



NASA 1 



AH other 



KSF 



Current dollars 



1960-'-....—-*-. . NA .$34 $163 4103 ^ $104 

1961 ........... NA 41 - 173 137 167^ . 

1962 ../.~-.L. NA 50 204 * 190 192 

1905 r — — * $1,152 56 231 235 219" 

1954 . . NA 63 241 274 ' 233 

1965 NA 90 263 303 253 

V 

1956 ..'.I- NA 94 262 326 23 1* 

1967". ..... 1,728 100 234 372 302 

1963 ; 1,721 100 263 . 397 282 

1969 1.779 107 276 371 * 285 

1970/ ........... 1,t62 116 247 , 333 237 

1971"...- . 1,779, 118 262* 397 277 

1972 ........... VSJJf 137 270 461" 263 " 

1973L .... 2.001 ,143 253 458 # 275 

1974 ^039 146 244 561 „ 232 

1975 ««~. 2.146 154 236 592 247 

1976 {est} ...... 2345 177 255 670 274 

"* Constant 1972 dollars 3 

1960 ....*....!. NA $50 $245 $150 $15r 

1961 ........... NA 59 250 193 , 241 . 

1962 ........... NA 71 239 „ 269 272 

1963 $1,609 78 323 330 506 

1964 NA 94 * 331 377 327 

1965 %NA 121-354 408 347^ 

19^L1. ......... NA 122 ' 341 425 366 

1967 „ ......... 2.187 127 359 471 332 

1968 2.034 121 319 . 481 * 342 

1969 2.051 : 123" 318 428 ' 329 

1970 ........... 1,929 . 127 276 425 314 

1971 ........... 1353 123 273 u 413 288 

A 

1972 • 1,974 137 27Q 461 263 

1973 1,891 135 244 433 260 
1974. .; ' 1.752 125 210 482 199 

1975 1,636 121 185 465 194 

1976 (est) 1J53 132, 191 501 205 



NA 
NA 
NA 
$210 
NA 
NA 

NA 

323 
321 
330 
358 
327 

332 
350 
306 
242 
244 



NA 
NA 
NA 
$293 
NA 
NA 

NA 
' 41$' 
339 

392 
341 

332 

331 
263 
190 
182 



$88 
77 

104 . 
141 

,155 
171 : 

223 
*239 
252 
248 

-245 ~; 

273 s 

368 
392 
415 
486 
530 



$99 " 

111 

147 

197 

213 

230 

291 \ 

305 
286 
268 
284 

368^ 

371 
356 
332 
396 



435 
3d 
50 
59? 
66 
77 

9S 
103^ 
106 
312. 
122 
125 

139 
125 
134* 
189 
195 



$51 
56 
71 
82 
91 

104 

124 

130 

128 

129 

134- 

130 

133 
118 
,115 
14* 
146 



Data lot NASA lot selected years axe not a^auaDie. Aftho^gh changes were made <n tvhal NASA considers bask 
research, obligations for ail pnoi /ears have not yet been adjusted to reflect the change in reporting. 
* Included only the Atomic Energy Commission prior to 1974, 
' GNP implicit price deflators used to convert current dollars to constant 1972 dollars, 

NOTE DetaH«nay not add to totals because of rounding. 

SOURCE. National Science F oundabon. fed eta* Funds lot Reseat Uk, Development* and Olhet Scientific Ac! tribes. 
Fiscal Yjears 197$. 1976>and 1977. VoU XXy (NSF 76r3l5). p. 147 and earlier volumes. 



See Figure 3-6 in text 



Tabto 3-6. Ftdtr*! obBgatfon* lor b*sfc research by Held of science, 1963-76 

* ~ - ' - {Dollars in rmffioasl 



Field of science 



1963 1967 1968 1969 1970 1971 1972 1073 



1976 

1974 1975 {est* 



Current dollars 



All fields $1,152H£1J28 

Life sciences 372 573 

Biological^ f _ 200 346 

Cfinicat medical* 7S* 172 227 

Other Hie sciences — " — 

£nwonmentaI sciences .... 164 209 

. Physical sciences ..*.7 404 605 

Chemistry v.... 34 12% 

Physics . ........ J... 228 348 

Astronomy "74 107 

Other physical sciences .. 20 27 

""Psychology 35 60 

Mathematics 40 65 

Engineering*..^. 110 156 

Social sciences' T . .-C 25 57 

Other sciences . y. 2 4 

35 

/ 

AD fields $1,609 $2,187 

Life sciences 520 725 

Biological ........... 279 / 433 

COnicaJ meOcaT ......... 240*' 237 

Other life sciences ....... . — — 

Environmental sciences 229 264 

Physical sciences * 564 766 

Chemistry 117 - 156 

Physics 318 440 

Astronomy 103 135 

Other physical saeoces 28 34 

Psychology 49 76 

Mathematics ............... 56 82 

Engineering 154 197 

Social sciences ............ 35 72 

Otherscfences ............. 3 5 



$1,721 


$1,779 


$1,762 


$1,779 


$1374 


$2401 


$2,039 


$2,146 


$2,345 


579 


539, 


554 


570* 


668 


665 


'737 


77& 


. 877 


375 


403 


407 


425 


t 515 


551 


566 


612 


689 


205 


13$ 


143^ 


' 101 


128 


98 


138 


141 


• 162 


P) 




,4 


45* 


25 


16 


33 


23* 


26 


199 


-235 


-256 


280 


291 


299 


320 


331 


357 


599 


662 


583 


582 


625 


•618 


604 


616 


660 


119 


131 


135 


126 


\4S 


151 


143-- 


"158 




352 


350 


320 


323 


345 


338 


319 


319 


348 


110 


174 


129 


122 


125 


119 


132 


131 


124 


18 


7 


5 


7 


3 


10 


6 


3 


11 


55 


53 


56 


48 


54 


51 


49 


.« 


51 


^ 67 


56 


58 


51 


r 63 


57 


. 49 


59 


62 


155 


. 151 


180 


169 


185 


204 


188 


228 


238 


61 


71 


64 


70 


80 


78 


73 


73 


87 


4 


11 


4 


9 


9 


28 


16 


- 15 


13 



Constant 1972 dollars* 



-$2,034- 
701 
454 
248 

o 

241 
725 
144 
426 
133 
22 
67 
81 
" 189 
74 
5 



$2,051 
622 
465 
157 

O 
271 
763 
151 
404 
201 
8 

61 

65 
174 

82 



$1329 
606 
445 
157 
4 
280 
645 
148 
' 350 
141 
5 
61 
63 
197 
70 
* 4 



$1353 
594 
443 
105 
' 47 
( 292 
606 
131 
342 
127 
7; 
50 
53 
176 

H 



$1,974 
668 
515 
123 
25 
291 
625 
146 
345 
125 
8 

63 
185 
80 
9 



$1,891 
629 
521 
* 93 
15 
283 
* 584 
143 
319 
112 
9 

48. 
54 
193 
74 
26 



$1,752 
633 
486 
119 
23 
275 
519 
127 
274 
113 
5 
42 
42 
161 
63 
14 



$1,688 
610 
481 
111 
18 
260 
484 
12* 
251 
103 
6 
38 
46 
179 
57 
12 



$1,753 
656 
515 
121 

267 
493 
132, 
260 
93 
8 
33 
46 
173 
65 
10 



* Include* "other medical soeoces' 

* Less than £ million. 

* GNP implicit price deflators used to convert current dollars to constant 1972 dollars * 

SOURCE National Sc*ence Founoauor*. Feces & F»ncs tot Beseatcti. ggy gjopmeni. and Otbei Scientific Aci***t<e$. f 
tears 1975, 1976, and I977.X& XX Detailed Siai*st«ca> TaOJes. Appendices C ani D iKSF 76-31$,. pp 46. 149. earfief rok*mes. 
and unpublished data ' * 

See Figure 3-7 in text ~ 



EMC 



23 



^ : 



229 



/ 



Table 3-7. Fields ml subfieWs of Federal obCgaUoru for basic research 
shown in lHgure 3-6 and Appendix Table 3-6 



Bekfof science • ■» • . Illustrative subfietds • 

Life sciences , BrclogK^sciefx^ trx>se whB^apart^ 

bejow. deal with the origin, development structure, function, and interaction of frying things* 

OGrtical niedicaisciencesv ttoaeconcerned with the study of pathogenesis, diagnosis, or therapy 
of j& particular disease or abnormal condition in living human subjects under controlled 
ccKxftiona. J " ~ -- ; 

Other mecfical sciences; those concerned with the study of the causes, effects, preven^on, or 
corrtrol of abnormal corxlrtto 

cl inical aspects defined above. * - ' - 

Other life scieoces. muHidisc^nary projects within the broad fx*d and singtedis^pfine projects* 
* iorv^K^ a: separate fiefcjr^nc^ been ass^ned. - - _ # 

- _ . ^ . - 

Environmental Aimosphencaoer^^aerorK^ 

sciences rr*teorology« < ; ^_ 1_ . , - 

Geological sciences: engineering geophysics, general geology, geodesy and gravity, 
geomagnetism, hydrology, inorganic geochemistry, isotopic geochemistry, organic 
geochemistry, laboratory geophysics. pale^jagnetSsrn. paleontology, physical geography and 
* * ' cartography, seismology and sot! sciences. - ' : '. - 

Oceanography chermcal oceanography, geological oceanography. f*ytfcal oceanography, and 
marine geophysics- * ^ - 

Other environmental sciences, muludbctplihaiy projects within the broad field and single 
discipline projects lor which a separate field has notbeen'aaalgned, 

? ' * j 

M^memaijcs Algebra, analysis, applied mathematics^compuief science, foundations and logic, geometry.^ 
mimencal analysis, statistics, arxftopotogy. * - / - - . 



Eftjineerkig Aeronautical: aerodynamics. 



Astro nautical: aerospace, and space technology^ 



C^emtoat petroleum, petroleum refining, and process. ' _ 



Omt architectural hydraulic/hydrologic. marine, sanitary and environmental, structural, and 
transportation, * * 

* Electrical: communication, electronic and power, - 

Mechanical: engineering mechanics. ~ . ^ 



Metallurgy and materials: ceramic, mining, textile, and welding. 



Other engmeertog. muitidis^pfeiary projects within the broad field and single discipline projects 
for which a separate field has not been assig ned. such as agricultural, industrial and management, 
nuclear, ocean engineering 'and systems- , 

(Continued} . 90 • 
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Table 3-?«XConBnuedI 



Social sciences 



Anthropology, archaeology, cultural and 
anthropology. - 



personality, social and ethnology, and applied 



Economics, econometrics and economic statistics, history of economic thought, international 
economics, irxJustnal. labor and agricultural economics, macroeconomics, microeconomics.' 
■public finance and fiscal poDcy, theory, and economic systems jnd development 



History: cultural political social, aad history -and philosophy of science^ 



Linguistics; antriropotog 
socioSngutsucs- 



computational psychofinguistics, and 



Political science, area or regional studies, comparative government, history of political ideas. 
tmemat*onal rekbons and taw. national political and tegal systems^ political theory, and pubCc 
administration; • - " 

SoaoSogy, comparative and historical complex organizations, culture and social structure, 
demography, group interactions, social problems and social welfare, and sociological theory. 



Psychology 



Other social sciences, mulbdisciplmar^ projects within the broad field and siQgJe^dtscipline 
projects for which a separate freld has not been ass*gneo^ such as research in law and education 
not elsewhere classified, and socx>ec^nomlc^eography. ' * ' - ' 

I - 
Sfwogfca* aspects, e*per irnenia* psycho*og>. antmai behaYiOf.cTtfiicalpsydioSogy, comparative 
psychology, and elboiogy. * a J . 



Social aspects, social psychology, educational personnel, vocational psycbotogyand testing, 
industrial and engineering psychology, and development and personality. 



Physscal soences 



Other psychological sciences. mulbdtscapUnary projects within the broad field and single 
discipline projects for which a separate field has notfteen assigned, 

Astronomy, laboratory astrophysics, optical astronomy, radio astronomy, theoretical 
astrophysics. X-ray. Gamma-ray. and neutrino astronomy. » 



Chemistry: inorganic. organo-metaSiC. organic, and physical 



/ Physics, acoustics, atomic and mosecdar. condensed matter, elementary particles, nuclear 
t ' structure, optics, and pjasogC 4 . . 

, » Other physical sciences miiltxJisaplinary pro>ects within the broad field and single discipline 
projects foY which a separate field has not been assigned. . 

6th er sciences Mumdisc^inary and «raerdisc4>i^ary projects mat cannot be classffrdb within one of the above 

broad fields of science. " 

• * ' # 

SOURCE- National Science Foundation, facet a, funds tot ReseauM, Development, ana Owei Saenuta. AUniue*. 
Fiscal rears 1975, 1976 and 1977, Vol XXV \NSF 76-315) 
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'T*Wt 3^ Bwte research expendttures in 
iiniversftferaod co»w» by »oun»*, 1960-75 

[Oolfars in mliOons] 



Federal A8 
" Govern- - other 

^ Year " Tgial roent Industry sources 

v. " < ^ [ Current dollars \ 



4(Wt 


5433 


-5299 


524 


$110 


Sag^ * - 


OOO 


. ,382 


25 


- 123 






481 


25 


153 > 


1963 * 


814 


sin 




17qX 




1,003 


767 


25 


2U+ 


1965 


1,138 


879 


"26 


233 




1-303 


1.009 


C S7 


267 


1967 


1,457 


1,124 


31 


302 


1963 


1,649 


13S1 


36 


> 362 


1969 ........... 


1,707 


1,275 


3d 


393 - 




1.796 


1.296 


40 . 


460 


19Z1 


1314 


1349 


46 


519 


\972 ^ 


2.021 


1,416 


51 


554 




2,058 


1.459 


58 


*541 


1974 ... 


2,154 


1324 


61 


569 


1975 (est)-,....: 


2,397 


1,690 


TP 


637 




2,600 


1325 


75^ 

* 


- 700 


* Constant 1972 tJotiart* 


1960 


$631 


$435 


$35 


$160 


1961 


774 


551 


36 


18? 




934 


♦832 


35 


217 


1963- 


1,137 


852 


35 


250 


1964 


1,379 


1.055 


34 


29Q 


19© 


1.531 


1.183 


35 


*314 


1?66 ...... 


1,697 


1314" 


35 


-348 * 


1967 


1344 


1,422 


39 


382 




139** 


1315 


44 


438 


J969 ........... 


1363 


1,470 


45 


453 , 


1970 


1,966 


1.419 . 


44 - 


504 ' 


1971 


1393 


1.405 


48 


541 


1972 


2321 


1.416 


51 


554 " 


1973 ........... 


1.945 


1379 


55 . 


511- 


1974 ........... 


1350 


1309 


52 


489 • 


1975 (est) 


1384 


- 1323? 


55 


501 V 


1976 (estK- 

* 


1,944 


1364 


56 


.523 



* Over 50 'percent of the total basic research expen- 
ditures are accounted for by universities and colleges. 
Because data on individual nonfederal sources of basic 
. research expenditures are not collected by survey, but are* 

estimated by the National 'Science Foundation, the 
allocation of expenditures among the last* two columns 
may be only rough approximations. 

* GNP implicit price deflators used to convert current 
dollars to constant 1972 dobars. 

NOTE: Detail may no! add to totals because oCrbunolng. 

SOURCE National Science Foundation, National 
Patterns of R&D Resources, 1953-76{HSF 76-310)* pp. 22- 



See Rguf e 3-8 In text 
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T»Wt 3-9. £*d*r*I obKgatfon* far btsJe rtswch in unWertiUw and centres by tttfccted 

> . ; ; . / * / IDollars in millions] S • > - 



Beta of 

3C$60C8* 



Department 

Five- Depart- Depart- of Health, 
agency 2 ment of ment of* Education, 
total Agriculture Defense and Welfare 



Energy 

B&search ~ .7 ^~ 

Develop- National 
ment Science 
Admin, 3 Foundation NASA 



Current dollars* 



^ JUilfeids - 

- , . .> : V ' * 
yfe sciences 

* Physical sciences 

Astronomy 

^ ,. * 

* Chemistry 

w * * 

Physics 



Other physical 
sciences 



Environmental . 
sciences 

Engineering 

Social science^ 

Psychology 

Mathematics 

Other sciences 4 
* 

^Att field* 





J&475^ 


♦ .$375 


$10^.0 


* $317.9;^— 


>59-9 




£44 O 


1974 


A07 it 


38.1 


97.4 


388.4^«l 


ix>-t> 






1975 •••«~«» 


9575 


^4 O 


95.3 


99ZJ3 




0/0*1 




1976{est} . 




43,1 


1 07.1 




Ol./ 






- 1974 ...... 


3oo3 


-265 _ 


83 


2635 


44 -4 

Ti/I 






430.7 




75 


3265 


O.O 


"O^.r * 




1975 • * ••* A 


4515 


30.3 




332.1 




TO O 




1 976(05 1) . 


CAfi ft 






O//-0 








1973 ....V- 


177-3 ,„ 


. . 13 * 


19.9 


133 . 


43-0 


ni C 




Jt**9M 


176.2 


1.9 v 


18.1 


22.4 


45.7 


Oft 1 - 


NA 


1975 


.201 -o 


53 


18.7 


265. 


jo e 
4o.O 


-i AC 1 
lUO.l _ 


00 0 


1976{est) . 


220.6 


2.4 


• 21.7 


293 


£4 0 1 
01.0 - 




- ict.l J - - 


1973 


, 9.4 




-1:6 






• ,^73 - 


NA 




9.0 




5 






N53 


NA 


1975 • 


83 1 


- 


5 






- ' -<8.o - 


i73 /. 


1975{est}'. 


95 


L- 


3 


— — 




9^ 






62.7 




' 4.4 


18.0 ** . 




■* ' 30.1 


NA 


1974 


645 




4.7 


- " 22.4- 


*5.6 


,29l§ 


NA 




795 


13 


5.1 


26.1 


7.6 


383 " 


3.1 


1976{est) . 


903 


* 23 


63 


?93 < 




A*i A 

40-U 


■i q 


- -1973 


99.7 


-~ P) * 


* , 133 


P) 


34.7 


£4 7 

51.7 


MA 

NA 




\ 1013 


P) 


12.7 


P) 


39.fr 




-MA 

NA - 


* * 1975 


112.1 


M 


129 


P) 


40.4 


CO Tf 

. 58.7 




* 1976{est) - 


119,0 


- .P) 


k 13.6 


^- P) 


' A cs> 




O.O 


1973 
1974 


55 




.& 






43 


MA 

NA 


1.0 


1 

— 


.4 








« NA 




1.1 




.4 


# - — * — 








1976{est) . 


43 


m — 


Lf/ 


— 


.7 






1973 ..... 


805 


, * A 


233^ 


P) 




515 * 


NA 


' 1974 


89.2' 


.7-' 


203 




*4 


675^^ 


NA 


1975 


10215 




21.7' 






79.0 




1976{est) . 


113-2 




?3J 






Oft 1 -* 
00.1 


iO ft 




755 


* 15 


26.4 


J^33 - 


35 * 


41.1 


MA 

^ NA 


1974 


765 


1.4 


313 


/' 35 


3.7 


365 


111 A 

NA 


• . 1975 


94.4 


1.8 


£7.6 " 


33 


63 


* 04.4 


OA 


I976(est) * 1 


£94 


1.5 


313 


43 




CA A 


ft A 


1 973 -..->* • • • * 


45.7 


75 


.1 


165 




213, 


NA 


1974 .... 


i 41.3 


7.4 


5 


15.1 


— P 


195 


NA 


- *975- 


40.1 


8.4 




* 85 




23J 


* .1 


- ^r$76{esl). 


f 46.0 


9.4 


A 


-~ 93 




263 


- .1- 


.-1973 


^ 29.0 




53 


143 




9.4 


/NA 


1974 


29.6 




7.1 


175 




1 53 


/ NA 


1975 


29.3 


» 


4,4 


17il 1 




7.9 / 


3* 


1976{est) . 


34.0 




5.8 


19.6 






- ? 1 


1973 


40.9 


P) 


♦ 165 


* 1.1 


^4 


. 215^ 


NA \ 


1974 ..... 


363 


.1 


125 


2.0^ 


1.1 


205 


NA 


1975 


41.6 


* P> . 


123 


* * 23 


J3 


243 


5 


?1976{est) . 


443 


P> 


14.0 


ze 




^ 263 


3 V 


1973 


32.1 






1^ 




30.7 


NA 


1974 v.... 


, 7.1 






15 




--S.4 


NA ' 


1975 v.:.. 


« 65 




.1 


25 




33 


13 * 


1976{est} . 


6.1 




.2 


13 




33' 


.1 



Constant dollars 



^ life sciences N 

ERIC, «•' 



197S ..... .$8003 

1974 _ 7623 

1975 700.1 
1976(est).\ 8005 

1973 ..... v 3465 

1974 370.0 

1975 ^ 3543 
1976festL. 3783 



$355 
3^7 
343 
36.7 
243 
22# 

^233* 
265 



$995 
83.7 
743 
80.1 
73 
65 

7A 



43005 
333.6 
3083 - 
332.7 ; 
249.1 
28fcB 
26^0 - 
2813 



{Continued) 



^565 


$3093 


$395 


485 


. 2633 


* NA 


455 


2975 


50^ 


464 


3043 


, 39.6 


105 


544 


. - NA 


4:8 


f 55.6 


NA 




623 


19 




635 






. * 
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Table 3-9. (Continued} 



Field of 
science 1 



. Five- Depart- Depart- 
agency 2 men t of ment of 
total ^riculture Defense 



4 \ Energy - - - -\ 
Research ^ % 
Department 1 arid- „ . -"*;" ^ 

of Health. Oevefor> National f( 
Education, ment Science 

and Welfare- Admin* Foundation NASA 



Constant dollars 



^hySc^'scleoces^ 



Astronomy / ^ 



Chemistry 



Physics . 



Other physical 
sciences* 

Environmental 
sciences 

Engineering- 



Social sciences 
* , 

Psychology 
Mathematics 



Other sciences* 



1973 ,167.6 

197* ..... 15l4 

1975 ..... 158.4 

1976(est) < 164.9 

1973 ..... - BS 

1974 — ytx 

1975 63 
T^76{est). 7.1 

1973 ..... 593 

1974 ..... 55.4 

1975 ..... 625 
1976{est) . 675 

1973 94.2, 

1974 ..... 873 
1975-^.... 88.1 

^meiest) . . 89,0 

1973 53 

1974 ..... B 

1975 .9^ 

I976(est). 13 

1973 76.1 

1974 ..... 76.6 

1975 ..... 80.6 
1976{est.). 84.6 

1973 71.4 

1974 ..... 65.8 

1975 74,2 

I976jest) . " 74.1 

1973 433 

1974 35.9 

1975 -315 

1976{est) . ^-34-4 

1973 27,4 

1974 25.4^ 

1975 23.0 

" 1976{est) . 25.4 

1973 387 

1974 ..... 31.2 

1975 ..... 327 
1976(est) . < 33.6 
197a 303 

1974 * 6,1 

1975 4.9 

1976{est) . 45 



** 1.8 
- 1.6 
1.6* 
. 1.8 



13 
t.6 
15 
17 
P> 
P) 
P) 
P) 



A 
.6 
.6 
3 
1.1 
1.2 
1.4 
1.1 
7,1 
S.4 
6.6 
7.0 



183. 



17.0 



. 155 - **' 19.2 

?4,7 
- 163 
> 15 



40.6 
393 



PK 
.1 

P) 
P) 



2 
A2 
4.0 
4.0 
5.1 
1£6 . 
^103 
10.1 
102 
- '.6 
*3 
3 
7 
273* 
17.7 
17.1 
17,7 
25.0 
273 
21.7 
23.6 
,1 

^ 2 
2 

P) 
50 
6.1 
35 
43 
153 
J0.7 

105 



*20.§ 


, 38.2 


22.4 


337 


— * 


- wm m - 


17.0 


' 

7:8 


19.2 




7?3 


6.0 


PI 


32.8" 


P> 


— 33.8. , 


P) 


31.7 


^ P) 


- 313 * 








.6 " 




,5 






P) 






-3L 




1 .4 




.4 


3.1* 


33 ~* 


3.0 


3!2 


3.0 


53 


32 


5.6 


153 





=/ 



13.0 

6.r 

73 
135 
143 
13.4 
14.7 r 

1.0 

1.7 ~ 

1JB 

1.9 

13 
-1.4 

2,0 

3-4 



23, 
3 

13' 
13 



39-g .V 

75.7 

83.4 

853V . 
7-4 
1& 
63 . 

28.4. 

25.7 

305 

32.1 

483 

425 

46.1 

46.9. T 4 
45 -» 



—48.4 
.583 
-62.6. 
65.9 
383 
31.1 
4Z8 
40.4 
\20.7 
^165 

20.0 

45 
6.2 
6,4 
203 
17.6 
19.6 
193 
293 
45 
23 
23 



"NA 
. NA 

20.7 
NA 
NA 
14J' 
1Z8~ 
NA 

24 
t.4 

'NA 
75 
5.1 
NA - 
NA 
2.0 
XA 
NA „ 
NA 

- 133 

9.6 
VNA 
NA 

ae 

- 52 
NA 
NA 

.1 

,1 
NA 
NA 
A 5 

\ ^ 
\» NA 
• NA 

v* 3 

NA 
13 

.1 



'tn '* See Appendix table 3-7 for descriptions of these fields. . m ' . J 

* Excluding tne Nation?! Aeronautics and Space Administration. Data on NASA obligations for basic research by *eid «n 
universities and colleges are not available for 1973 and 1974, * » % * 

* fncludes'only the Atomic Energy Commission prior to 1974 
4 Including Inter- and multi-disciplinary sciences. 

* Less than $50,000. 

4 GNP-impHcit price deflators v used to convert current dollars to constant 1972 dollars, 

~ /JJA^ Not available, j| 

NOTE Detail may not add to totals because of rounding. 

~ SOURCE. National Science Foundation, Federm Funds tot Research. Development, and Other Scientific Acthntjps 
Fiscal Years 1&75, 1978 and 1977, Vot XXV (NSF 76-315), earlier volumes, and unpubHshed data. 



See figure 3-10 in text. 
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T*t*3-10.£Ieid*and tubffeldi of R&D «xpenditures at colleges and universities 



Field of science 



Illustrative sutfffelds 



Engineering 4 



Aeronautical, agricultural, cherrucal. civil, electrical, industrial, mechanical. ^ 
rpetallurglcal, mining, nuclear, petroleum, bic-a^d-blomedical, energy, textile, 
^architecture " * ; * ;V_ 



Physical sciences Astronomy: astrophysics, optical and radio. X-ray, gamma-ray, neutrino 

Chemistry: inorganic, orgajy^metallic, organic, physical^ analytical gtama- 

:" - cetrUcaJU>orymer science (excludes biochemistry) - - V - .^ 

. _ . . * 1 Physics: acoustics, atomfc and molecular, condensed matter, e^ementaryjparUcJes, 
5 , - : - nuclear structure, optics, plasma * * % ^ 

Otnqr physical sdence^-multidisciplinacy prbjefets within physical sciences, and , 
-V ; - physical sciences disciplines not described above j ' T » * 

Environmental " Afmosphenc scienqes-'aeronomy, sotax weathermodj^batipn, meteorology, extra^" 

sciences terrestrial atmospheres - i r 

" * Geological sciences: engineering geophysics^ deologyjgeodesy, geomagnetism, 

M - m hydrology, geochemistry, paJeomagne tism, paieontotpgy, physical geography; 

- „ cartography, seismology, soil sciences \ * f 



Oceanography, chemical, geological- phys 
biological oceariography 



physica^ma$ 



manne geophysfos^marine biology. 



Animal behavior, cJinlcaJ, educational, experimental, human development and 

personality, social v g 

Social sciences Economics, econometncs,-4nternational, industrial, labor* agricultural, public 

* finance and fiscal policy 

^ Political science: regional studies^comparaUve government, international 
relations, legal systems, political theory, public administration 



Mathematical Mathematics, algebra, analysts, applied mathematics, foundations and logic, 

# sciences v geometry, numerical analysts, statistics, topology ^_ 

Computer sciences: design, development, and application of computer capabili- 

ties to data storage and manTpolatiqn, information science 

Ufe sciences Biological sciences, anatomy, biochemistry, biophysics, biogeography. ecology, 

embryology, entomology, genetics, immunology, microbiology, nutrition, jjara- 
-sttology. pathology, pharmacology, physical anthropology, physiology, botany, 

zoology ; '_. : 

Agricultural: 1 agricultural chemistry, agronomy, animal science, conservation* . 
dairy science, plant science, range science, wildlife 

Clinical medical anesthesiology, cardiology, endocrinology, gastroenterology, 
; hematology, neurology, obstetncs, ophthamology, preventive medicine and corhmunity 
* health, psychiatry, radtdlogy. surgery, veterinary medicine, dentistry, pharmacy * 

^Othe r lif ^sciences: muffidisciplinary projects within fife sciences 

Psychology 



Sociology: comparative and historical, complex organizations, culture and- 
* ^ social structure, demography, group interactions, "Social problems and welfare. 

^ » • theory *_r . _ v 

Gthersociai sciences: history of science, cultural anthropology^ linguistics. 
* socio-econ omic geography, research in education \ ' 

Other sciences, Muihdtsaplinary and interdisciplinary research not classifiable under a single 

primary fielcV, ' ' , 



Included with biology prior to 1974. 



SOURCE- Nationaj Science foundation, Expenditures lot SaeaUU Actiribes at UnrverslUes and Colleges, fiscal Year 
7075 tNSF 77-307), p. 41. , ♦ . . ~ 

See Figures 3-10 and 3-12 in text 
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% 



*J5 



*v Tette frll.CgfMpntratfon of Btft 

*£eAeCMS " 



^ Life 
sciences 



Physical 



Social 
jclaor/oo 



SftjjiB#eilfl9 



'Bankot , 
institution 



Qurou- Cumu* rCumu- 

Current Jfitfre Current lath* Currant latfm 
dollars -percent* dollar* percent* ggggg P*o#*. 



Oumu- 



GtinW* 



RrSUO,., ... 

Am 30 

First 40 . . ~ 
Rrst 50 ... 
First 60 . 
Rn#70 . - - 
First 80 .... 
Rrst 90 
Rrst 100 



$422 


22 


$w 


-32 


174 


30 . 


$122 




*720 


38 


173 


i 


114 


46 


* 




942 


50 


209 


141 


* 67 




1.10T 


58 


238 


68 


182 


. 88* 




?4 


U40 

€356 


65* 

'72 


260 


.74 


m 


71 , 




275 


79 


188 


75 




n 


1.45a 


. 77 


28t , 


82 


107 


79 * 


/ 332 .-■ 


.84 


1.545 


82 


287 


85 


205 


82 


•i 


, 1.618 


85 


305 


. 87 


212 


85 ' 


f 848 . 




1^79 


80 


312 


80 


218 


87 


- 388 . . 


88 



tits 
use 

184 
201 
213 



2*5 
288 
84T 



72 

84 
87 
80 
82 
84 
86 







.: 




'884 


48 






48 


. 58 


41 




S7 


87 


48 


m 


84* 


78 


53 


87 


71 


88 * 


56 


72 - 


n 


87 


81 


78 


n 


80 . 


88. 


78 


w 77 




88 V. 


m 


78 


82 - 


87 .* 


u 


' 80* 


** 


88 


85 



includes atmospnenc sciences, geological science* and oceanography, 
» Based on the ranking of tota) R&D expenditures in each fiekl separately. 



SOURCE National Science Foundation, Expenditure* for Scientific ActMtie* *t WhmWm*n4CoiteQei mclYev 
p#aHed StatistfcaJ Tables. (NfSF 76-316), derived from pp. 32-33 and 40-61 and unpublished data* * 



- * See Figure 3-12 m text and Appendix Table 3*10, 
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* Tabi* 3-12. Scientists and englnttrs 1 and basic research 
- txpandttum at 100 seltcted colleges and unfVersittes, 2 
by source of funding, 1973 la 1975 



* '; Source 




1973 



1974 



1975 



Current dollar? 
Pn thousands) 



Total ■ 

• ^ *FederaJ ...,.>. 
vNofij-FederaJ ... 



V ^Scientists 

and engineers 



$1,778,895 $1,852^92 $2,082,989 
1.264.487 1,320.574 1/77.425 
514^428 531Jt8 605,564 

Constant 1972 dollars* 
- (in thousands) 

$1,631,375 $1,591,179 $1,636, 
1.195.148 1,134,416 1,161,0*1 
486^27 * ^56,763 $73,885 

FTE scientists and engineers 
106,701 ,103,268 110,001 



" * Fulhtime-equiYalent basis, as of January. 

* Includes only those which were among the first 100 
*~each year In expenditures for basic research, 

* GNP imp!icri # price deflators used to convert current 
dollars to constant 1972 dollars. . • 

SpURCE: National Science Foundation, unpublished 
data. * K ~ 




«ar ^ee" Figure 3-13 in text 
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fable 3-13. Basic research expenditures at Federally Funded 
Research and Development Centers administered 
by unrrersitie* by source, 1964-75 

(Dollars In millions] - " - - 



All sources Federal sources Non-Federal 

J - . . /- - ^/5i " Basic Alt B&sic AH Basic' 

Yfear * fr&p research B&P research R&D research 

~ «*. .»~ v * - Current dollars \ 

\ -1964 .i $629.2 $191,0 • $629.2 $191,? 

1966 6295 '2285 629.4 2265 

•1968 ....-..../—. 7185 2755 7155 27?.4 

1970 .7365 263.7 734.1 .267.4 

• o 

1972^... 7635 25Q.2 7585 248.0 

- L -19^^.^ 8165 2965 8125 2945 

1974 865.1 2995 861,7 296.0 

1975{6st) .......... 986.7 30£5 982.7 3065 

. , . ^ Coftstant 1972 dollars* 

1964 ...r-.l.-: $865.4 $262.7 $865.4' $262.7 X s ) O 

1966 820.1 295-1 820.0 295.1 $0T1 f) 

1963 870.7 3335 8665 331.1 4.4 $2.7 

• 1970 8065 294.1 , 8035 292.4 3.0 * 15 

1972 763.6 250.2 ^ 7585 £43.0 55 22 

, 1973 77^t 280.2 7685 2IBA . ,3.9 . 15 

1974 , 743.1 2575 /V402 256.0 25 . ^5* 

1975{est) ..... 7754 2At7 7723 2403 a1 * 0Z 



o 

$o.t 

35 
2-7 

55 
.4.1 
3,4 
4.0 



$2£ 
15 

2.0 
15 
15 



* Less than $50,000. . . . > 

j GNP ifppbcrt price "deflators used to convert current dollars to constant 1972 dollars. 
* * * 

NOTE: "Detail may not add to totals because of rounding. 

* ' ~ * 

SOURCE. National Science Foundation, National Patterns ot R&D Resources, 1953-76 
{NSF 76-310), and unpublished data. * ■ 



See Figure 3-14 in text 
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Tabic 3-14. Federally Rinded Research and Development Cen!|n 1 



. " Name 




Sponsoring agency Organizational affiliation 








Administered by universities ~ V 





AppTed Physics Laboratory 

Applied Research Laboratory .......... 

Argdnoe National Laboratory 

Brookhaven National laboratory 

Center for Naval Analyses ...... ... 

CerroTololo Inter-American 
Observatory ........ 

Fermi NaQonal Accelerator 
Laboratory (Fermilab) 

Jet Propulsion Laboratory ..... . 

Kit! Peak National Observatory 

E.O. Lavrrence Berfcefey Laboratory 

EC Lawrence Lrverrnore Laboratory ... 

Lincoln Laboratory 

Los Aiamos'ScienGfic Laboratory 

National Astronomy and 

* lonsophere Center 

National Center for * , 
AtnKJspberic Research 

NationaJ Radio. Astronomy "Observatory 

t Oak Ridge Associated Universities 

* Plasma Physics-Laboratory ..7. 

Space Radiation Effects Laboratory .... 

Stanford Linear Accelerator Center .... 



s 



NAVY 

NAVY 

ERDA* 

ERDA 

NAVY 

NSF 

ERDA 

NASA 

NSF 

ERDA 

ERDA 

AIR FORCE 

ERDA 

NSF 



Johns Hopkins University 

Pennsylvania State University 

University of Chicago and Argonne Unrversriie* Assoc. 

Associated Universities. Inc. 

University of Rochester 

» • 
Association of Universities for Research in Astronomy. Inc. 

Universities Research Association, Inc. 
California Institute of Technology 
Association of Universities for Research in Astronomy, Inc. 
University of Calrf potto y* 
UnrversiJy of CaHfomia m w / 
Massachusetts Institute of TecW>togy^ 
University of California 



Cornel! University 



.NSF. University Corporation for Atrnospbedc Research 

NSF Associated Universities, Inc. 

,. ERDA Oak Ridge Associated Universities 

,. ERDA Princeton University > » 

,. NASA College of William and Mary „ 

ERDA A Stanford University 

Administered by industrial firms • . . 



Bettis Atomic Power Laboratory ERDA 

Frederick Cancer Research Center ... HEW- 

Hanford Engineering 
Development Laboratory ........ ERDA 

HotifiefoT^tionai Laboratory 2 ERDA 

Idaho National Engineering Laboratory . . ErtDA 

Knotis Atomic Power Laboratory ......... ERDA 

Liquid MetaJ Engineering Center ERDA 

Mound Laboratory ^ . . ERDA 

Sandia Laboratory ...... .... ERDA 

SavannaB River Laboratory „ ERDA 



VYestinghoose Electric Corporation 
Litton Sooetics, Inc.." UJton industries . 

Westing bouse-Hanford Corporation 
Union Carbide Corporation 
Aerojet Nuclear Corporation 
General Electric Company ^ 
Rockwell International Corporation 
Monsanto Research Corporation 
Western Electric Co,, Inc— Sandia Corp. 
EJ duPonf de Nemours & Co.. inc. 



Administered by other nonprofit institutions 



AesoSpace Corporation ... .../:..„./. AIR FORCE 

. Analytic Services, Inc. (ANSER) J. AIR FORCE 

Institute for Defense Analysis ...a... DOD 

MITRE Corporation >.....;. AIR FORCE 

Pacific Nofjhwest Laboratory ERDA 

RAND Corporation AIR^ORCE 



Aerospace Corporation 
Analytic Services, Inc 
Institute for Defense Analysis : 
MITRE Corporation - — 
Battelie Memorial Institute 
RAND Corporation 



This fisting includes those Fedeia% funded &esean»fv and Development Centers wtuch were <n ejuslance in 2976. 
^ormerfy Oafk Ridge NationaJ Laboratory (Union Carbide Corporation). ** _ # * 

^Formerly National Reactor Testing Station (Aerojet Nuclear Corporation). ; 

. SOURCE. National Satnce Foundation, Featta* Fu/Xti Jot Reseatcn, Devetopmeni, and Outer Scsenuftc Aumi&s. 
JSaca^rears f$7§ f37^ 
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TaWt W5. Federii ob*g*tion* for Intnmural basic resArch by sekcled agencies, 1960-78 

IDottars In millions] _ ^ 



Year 



Aft 
agencies* 



National 
*- Aeronau- 
Dept tics and 

ot > Space 1 
Defense ^ Admia* 



Dept of 
Dept Health. 

of Education Dept 
Ago- and of the 
culture Welfare » Interior 



An 

Dept of other * 
Commerce agencies 



Current dollars 



1960 ........... NA 

196T .#..••*..-- » NA 

1962 NA 

1963 ........... . $255 

1964 ».»•#**.**«» NA 
1965 ' 

1966 NA 

1967 ». 418 

1968 410 

1968'.^. 516. 

1970 541 

1971 491 

1972f?~*:.~~... - 538 

197^ ( 537 

1974 . ' -611 

1975 645 

1976{esti^..„ 692 

1960 , NA 

1961 ........... HA 

1962 . NA 

1963 fc $356 

tJA 

1965 . na 

1966 NA 

1967 529 
■^196^ . 497 

1969 ........... 595 

.1970 ........... 592 

197r 511 

1972 ........... ""-538 

'1973 *508 

1974 525 

1975 507 

1976{estJ. ...... 517 



553 


NA 


523 


$18 






V11 
v* « 


54 


NA 


28 


25 


21 - 


11 


18 


64 


NA 


•32 


31 , 


23 


15 


"22 


73 


$39 


37 


39 


24 


. 19 


.23 


76. 


NA 


43 


45 


26 


♦ 21 


, 25* 


80 


NA 


^ 57 




31 


22 


29 


85 


NA? " 


62 


58 


-34 


20 


29 


82 


110 


63 






22 


35 ' 


86 


88 


67 


70 


41 


24 


35 


90 


153 


77 


88 


43 


26 


39 


96 


134 


B5 


114 


40 


36 


* 36 


99 


128 " 


87 


63 


41 


35 


* 33 


113 


133 


97 


77 


47 


33' 


38 


112 . 


141 


100 


79 # 


55 


_14 


' 36 


104 


164 


- * 103 


87. 4 


63 


15 „ 


75 


99^ 


^135^ 


107 


118 


100 


,\i 


68 


104 


134 


123 ' 


132 


104 




77 



Constant 1972 doBars? 



$77 


NA 


1 $33 


. $26 


$23 


$13 


'$16 


78 


NA 


40 


36 ' 


30 


16 


* 26 


91 


->NA 


45 


44 


33 


21 


31 


102 


$54 . 


52 


54 - 


34 


27 


32 


105. 


NA 


■ 59 


. 62 


36 


29 




103 ; 


.NA " 


tr . 


63 - 


- 42 * 


~3fr- 




111 


NA 


81 


77 


i& 


26 


* < 
38. 


105% 


1& 


80 


85 


,'51 ^ 


23 


44 


104 v 


107 


81 


85 


50 


29 


42 


104 


176 


89 


101 


'50 - 


30 


45 


105 


. 147 


93 


125 


'44 


39 


39 


103 


133 * 


91 


71 


• 43 


36 


34 


113 


'133 


97 


77 


47 


33 


*33- 


106 


/ 133 


95 


* 75 


52 


. 13 


34 


83 


14* ~ 


• S8" 


75 


54 


13 


64 


78 


1C6 


83 


93 


79 


13 


53 * 


78 


100 > 


'92 


99 




12 


^ 53 
* 



1 Data fof NASA for selected year* are not available. Although changes were made *m what NASA considers basic 
research, obfcgations for ail poor years have not yet been adjusted to reflect the change in reporting* 
* GNPJmpftcit price deflators used to convert current dollars to constant 1$72 doiiais 

NA = Not avaiiaWe. ' * 

< NG1TE: Detail may not add to totals because of rounding,* * ^ 

SOURCE Naoonai Science foundation. Fedem funds foe Research. Development, and Other Scientific Activities 
fiscal Years 1975, 1976 and 1977, Vol XXV <NSF 76-315), earftec volumes, and unpubTished data. 



S»» Figure 3-15 In ted. 



Table 3-16. B«Jc rtmrch expenditures ki industry by sourc*, 1960-7S 

« {Dollars in motions] 



Federal Governmeot 



Constant Constant 
Current 1972 Current 1972 
dollars ooUars 1 - doSars doSars* 



Total | Industry 

* Constant 

Current 1972 

Vear gofers - dollars 1 

1960 $376 $543 $297 $433 S79~ $115 

.1961 395 570 314^ 453 * , 81 117 

1962 .438 ; 892 345 439 - 143 203 

1963 ..... 522 723, '375 524 147 205 

1964 549 ' 755 334 523 165 227 

1965 ..... *<592 * 797 406 ,546 186 250L 

1966 624 813 451 533 173 225 * 

1967- ..... 629 796 - 427 540 J202 256 

1963 v.... 642 778 462 560 180 *218 

1969 ..... 618 713 458 528 160 185 

1970 ..... 802 059 444 486 158 173 

1971 ..... 581 £05 456 - 475 \ 125 ' 130 

1972 579 579 452 / m 452 127 127 , 

1973 ..... 621 587 485 458* * 136 129 

1974 ..... 683 „ 587 524 450 . 159 \ 137 
^975(estJ v '725 '570 "565 444 160 126 
197S{e$t} „ 775 579" 605 452 170 127 



* GNP Jmpf ici t price deflators used to convert current dotfSJs to constant 1 972 dollars, 

HOTS Detail may not ^dd to totals because of rounding. r 

SOURCE National Science Fecundation, National Pattern* of BID Besourcss, 1953-76 
(NSF 7*310). p, 23- . , - 

See Figure 3-15 in tkxl 




_ for basic research in industry 
forming industries, 1960-74 

in rmffions] 



Year 



Aircraft 
All * and 
industries missies 



Sectricai 9 

equipment * Chemicals 

and com- and allied AH other 

munJcation Machinery' products industries 



i960 

1961^:.... 

1962 •«■•• 

1963 ..... 

1964 

1965 

1966 ..... 

1967 ..... 
1963 ..... 
1JS9 

1970 ..... 

1971 ..... 

1972 ..... 

1973 

1974 ..... 



,1960 
1961 
1962 
1963 
1964 

1965 



1963 
1969 

1970 
1971 
1972 
1973 
1974 





- 


' C^fcent dollars 








$376 


$62 


$77 


$22 


$115 


$100 




39S 


40 


79 


25 


124. 


127 




488 


55 


125 


27 


136 


145 . 




522 


59 


133 • 


25 


152 


153 ' m 


* 


54V, 


63 


134 


26 


loo 


too 




.592 


74 


143 


22 


*173 


175 ' 




624 . 


iA 


122 


26 


176 


226 




629 S 


73 


131" 


28 


134 *. 


215 




642 , 


71 ' 


134 * 


31 


201 


205 • 




618 


67 


134 


21 




ion 




602 


63 


Y44 


- 20 


203 


172 




531 


54 


. 145 


20 


212, 


150 




579 


61 


f 154 


23 


206 ~. 


135 




621 


50 


. 176 


24 


222 


149 




633 


53 


181 


26 


267 


156 








Constant 1972 dollars* 








$543 


$90 


* $112 


$32 


$167 


$147 




570 


53 


114 


36 


179 


183 




692 


78" 


177 , 


»*33 , 


193 ' 


206 




729 


82* 


135 


* 35 


212. 


214 




755 


94. 


484. 


36 


" 210 "s 


231 




797 


100 


199 , 


30 


2?3 


235 




813 


96 


159 


34 


229 


234 




796 


92 


'166 


33* 


>- 233 


272 




773 


86 


162 


33 


243 <- 


243 




713 


77 


155 


24 


233 


219 





659 
665 
579 
587 
537 



69 
56 
61 
47 
45 



153^ 

151 

154 

166 

155 



22 
21 
23 
23 
22 



222 
221 
206 
210 
229 



188 
156 
135 
141 
134 



, , • GNP implicit once deflators used to convert current dollars* to constant 1972 dtf&rs 
NOTE: Detail may noTadd to totals because of rounding. 

* 

SOURCE National Science Foundation. Research and Devetoprnent'lrt industry. 1974 
(HSf 76-322). p. 64, and earlier volumes. a ' ' 

See Figure 3-17 in text 
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Table 3-18, Expenditures lor besJc research in industry by selected fields, .1957-74 

{Dollars in millions] 



Field* * ? = 1967 1968 1969 1970 

Total .^V* $629 

"Rhysk^Jsbieoces t , . 303 

Chemistry ......... 162 

Physics and astronomy -148. 

Mathematics — 12 

Erwironrnerzta] sciences 14 

Engineering {including metallurgy) 172 

Ufeaciences 63 

Biological sciences ... NA 

CiirwcaJ medical sciences NA 

Other sciences - 53 

Total ...I.......... S796 

Physical sciences 390 38& 374 323. 

Chemistry 205 231 246 215 

PhysxS and astronomy ...... 185 153 123 111 

Mathematics 1. ...... ..... ....... ........ 15 16 15 _ 14 

Environmental sciences 18 13 "13 ~ y 

Engineering (including metallurgy) ...... 218 219 196 186 

Lfte sciences 37 92 85 94 

Biological sciences NA 61 "67 56 

CTimcal medial sciences NA 31 18 38 

Other sciences ■ 67 52 30 31 



1971 / 1972 - 1973 1974 



Current dollars 



317 
191 
126. 

13 _ 

11 
181 

76 

50 

26 

43- 



$618 


$602 


$581 


$579 _ 


$621 


$683 


324 


297 


281 


275 


273 


318 


213 


196 


180 


181 


192 


230 


111 


101 


101 


94 


81 


~88 


13 


13 


14 


12 


14 


^ 14 


11 


/ 8 . 


8 


6 


. 7 


10 - 




170 


-159 


182 


182 


169 


74 


86 


94 


81 * 


400 


112 


58 


51 


57 


60 


75 


83 


16 


35 


37 


21 


25 


27 


26 


26 


24* 


23 


46 


59 



Constant 1972 dollars* 



$778 $713 $659 $605 $579, $587 $587 



293 
187 
105 
15 
8 
166 
98 
59 

25 



275 - 
181 . 

94 ; 

12 
^6 
182 

8f 

60 

21 

23 



258 
181 

f? 

13, 

4 

71 
24 
43 



76 
12 
9 

.145 
"96 
71 
23 
51 



* See Appendix Table 3-19 for descriptions of tftese fields 

* GNP imptiCfT price deflators used to convert current dollars to constant i9f?doflars\ 

NOTE; NA = not available. Life sciences total includes "other life sciences*" for 1974, 
» 

SOURCE. National Science F<x,ndat<oo,#esea/c/> and Development ,n industry, 1974 (NSF 76-322). p. 55. 
See Ftgure 3-18 in text ' - ' ' 
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Table 3-19- Fields of Industrial fcasic research expendlturt* * 4 
v tr>own in Figure 3-18 and Appendix TaWe3-1S 

Beki of scieoce * >. ♦ Illustrative subftekfe "~ 

J>rrysicaf sciences Chemistry *~ * 

* ^ Physics ^ > v - 

* _ " " * Astronomy- - ' - ~- "* ' " - / 

'Mathematics AH mathematics fl^ds ^ ' 

Engineering ^ Aeronautical as&onautjcal) chemical: civil, electrical and mechanical 

engineering, and metallurgy and materials. - 

Ufa sciences ......... Biological— All sciences other than clinical medical sciences, which deal 

with Jife processes, including plant &nd animal sciences, bacteriology,- 
pathology, rrtfcrobidoo^ pharm . 

• - * - ~- 

ClirocaJ medical— All sciences concerned with the use c4 scientific Snow- 
~\ ledge tor the Ratification, treatment, and cure of disease. Includes 

internal medicine, neurology, rxeverrtrve medicine, and public health. 
^ • psychiatry, dentistry, pharmacy, etc.- -* 

Other sciences MulUdtsaplinary and interdisciplinary projects which cannot be classified 
- ' withfn <5ne of tb& above primary fields of science* 

: — : — v . * : . 

SOURCE National Science Foundation, R&SQzrch and Development in Industry* 1974 
{NSF 7$^), developed from pp, 76. BZ m ^ - . 

'* ■ * 



h 
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Own * 
funds 5 * 



.'.-•>"- . . -- / . *■* ■ - 

■ , •>;" "i '• . . * ' * 

■-'-v. *■ " V. " ' - i * : . 

* TaWe3-20. Bttlc rtwarch expenditure* In nonprofit institutions' by source, 1960-76 

~> - . : * * * ^ -* ' , 

' - {Dollars in millions] 

'r ' z - Current dollars Constant 1972 dollars 7 

, 7* Fedeca* ~~ ~ [ Federal 

♦ ' Govern- Own • - Govern* 

Year " Total rnent « Industry funds 3 Total ment % - Industry 

1960 ZZ? $117 v $58 ] $10 " ■ $49 \ $170 $84 $15 

1961 ,126 57 11 58 * 182 82 * 16 
. 19S2 ..... ' 161 80 12 £69 228 - 113 ' 17 

1963 ..... 180 \ ' 95" 14 i?1 - 251 133 20* 

„ . 1964 :* 194 108 15 ' T4- 267 149' 21 

-1965*..... 210 J20 16 74 283 161,. 22 

1966 ...... , 226 132 . ' 18 76 *2$4 172* * 23 

1967 ..... * 221 -.125; * 19 77 280 , 358 24 
% . 1568 -V7vr 217~ V 118 ?20 , 79 263 v 143 £4 . 

1969 ..... 213 111 22 83 * 246 128 - 25 

1970 ..... 206 ' • 100 25 ^ 83 i 228 \ 109 27 

1971 ..... 225. .110 V 25 ^0 . 234 \ 115 26 % 

1972 245 „ 125 \ 25 95 245 N ,125 - 25 

1973 - 255 130 < 30 .95 -241 - 123 28 

1974 274 - 144 30 5 100 235 1 124 26 * 

^ *1975(e$t) . 280 125 35 " 110 220 \ 106 28 

> 1976{esl) . 290 130 35 125 ^217 97 26 

^ ■ - S ; 

t * Includes State-adininisterSd hospitajs^ * 
"* 2 GNP implicit price deflators used to convert current dollars to constant 1972 dol/ar& 
J - 3 Includes Slate and local government funds* - ■ A 

NOTE DetaiUxtay not add to totafs because* of rounding. 

' * SOURCE. Natspnal Science Foundation, Nauogai Patterns ol R&D Resources, f 1953-76 (NSF 76-310), pj^2-23 

, See Bgure 3-19 in text . 

• /' " • 4 * ; 

~V' " ' - ' ' / - ■ 

* • * - . ^ , .. .. 

erjcz . - . \ v. , : • . . 



$71 
84 
98 
99 
98 
100 

99 
97 
96 
92 
91 
94. 

95 
90. 
,86 
86 
93 




\ 



245 



i' ^ 



•J 



Table 3-21 rBefcuve' growth in scientific research articles by. selected fields of science, 1960-75 



'Percent growth after f 960 * 



- Field of 
science 



1962 1964 1966 



1968 


1969 


^1970 


1971 


1972 


1973 


1974 


1975 


90 


107 


107 




144 


144 


180 , 


194 


198 


181 , 


22& 


231 * 


263 


240 


313 


379 


102 


113 


114 i 


119 


130 ■ 


142 




141 


82 


75 


77* 


67 


* $4 


87 




is 


ts 


33 


26 


26' 


25 


25 


31^ 




72 


74 


90 


.94 


92 


79 




€2 


32 


43 


39 * 


55 


50 


69 


57 


68 


117, 


* 159 


162 


162 


195 


,193 


164 


- 183 


7a 


116 


91 


- 84. 


100 


75 


92 


76 


109 


' 108 


96 


99 


98 


93 


101 




31 


58 


53 


44 


50 


53 


38 


42 


145 


198 




263 


.256 


335 


*323 


NA 


216 


216 


199 - 


226 


' 275 


209 


202 


HA 


99 


115 


,123 


130 


139 " 


146 


148 


M54 



Astronomy .* 
Atmospheric 

. sciences • 
^lotogy*.^.** 
Chemistry 
Economics 
Engineering . 
Geology 
Mathematics . 
Oceanography 
'Physics 
Political 

science .... 
Psychology .** 
Sociology ... 

' Alrtiefds. 



17 

56 
22* 
28 
-3 

7 

7 
22 



-6 
15 * 
56 
19 



"447 

79 
47 
47 
-7 
39 
15 
42 
20 
47 

% 
141 
177 
62 



66 

117 
77 
56 
5 
56 
24 
84 
49 
72 

8 
129 
176 
75 



'Estimated* * : ~ y . u 

SOURdLNaUoi^ Federation o^o^ 1975 1976 * A 

study commissioned specifically for this report) 



See Figure 3-20 in text 
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- - Table 3-22. Publication outpul-forselected fields of science,. 

-x - . ' - • '-percent of yearly totals b/sedors, 1960-75 * 

< -V;- : v ; - ^ y y - -- ; • \_ 

Field artf sector 1960 1962 1964 196S 1966.. 1963L 1970 1971 1972 

Astronomy -"T* ; r " * m ' f 

Academic ..; f7V 79 30 74 76 79 64 84 82' 

Industry . * 0A 5 — 3 6 4 5 3 4 > 5 . 

Government ..--.^ ,*,20 10 8 19 - 18 16 *12 11 / 12' 

Nonprofit^.. 2 4 3 1 3 — — — 1 

: Other .2 -6 5 — — — 2 " * 1 /— 

el '. I . j 

Atmospheric sciences . 

Academic ..„.„../.;* 56 ,53 53 . "50* 53 52 • 60 57 / 56 . 

I^dustiy-.A.. ..„•.*.. 6 9 13 19' 12 12 * % 9 7 / 11 

Government ...*...-. -31 • 36 ' 32 26 32 33" 29 33 * 31 

-^Nonprofit -8* 2-2-4 1 1 1 5/3 

Other-, — — ■ — 2 1 2 1 2 . — 

Biology / 

Academic ~. 7d 78 73 73 79 75 '80 78 79 

/Industry../. .-5 3 3 5 *4 3 /3 3:3 

Government..^ 16 14 14 ~13 10 14 /12 12 11 s 

Nonprofit «. 7 4 8 -7 6 6(5 .6 6 

Other 2 1 2 2.1 1 \i / 1 1 

■ ^ ' ' / 

Chemistry «. _ * 

Academic 59 61 62' 60 70 68 . 68 69 77 

• Industry . 25 30 29 26 21 24 23 22 17 

* Government ........ 11 8 5 10 7 7 8 6.. 4" 

Nonprofit ........... 3 1 2 4 1 11 2 1 

Qther r* 2 f) 1*1 1 1 1 1 1 

« ** * * 

Economics # 

Academic j 72 , 75 70 - 83 87 82 92 81 88' 

Jnrfustry 7 8 14 66 — 1 6 3 

Government ........ 11 10 tl 8 4 16* 4 - 8 3 

Nonprofit a — — — — . — — — — 

, ^Other 7 7 5 3 3 ' 2 3/ 5* 7 

Engineering 

Academic 25 25 27 29 33 33 34 37 36 

*" Industry 58 60 55\ 50 49 48 48 48 49 

Government .* 12 14 15 17 15 16 14 13 13 

s NoqDrofit 2 n 2 2 1. 2 2 2 *1' 

OtheN^.....,.. 3 2 1/ - 2 \^ 1 *" . 1 1 11 

Geology . . . " 

Academic 51 48 56 58 70 58 * 60 66 - .68 

industry ^ 14 23 13 20 14 22 15 10 14- 

Government/ ........ 18 18 20 15 . 10 14 16 17 11 

Nonprofit 3 4 5 2 3 ,9 7 6 

Other 15 8 6- .5 ^2 4 ' i 1 * 2 * 

* \ 

-Mathematics 

Academic ...J.../.., 77 70 79 77 88 90 91 93 93 

Industry 17 \ 13 13 18 £ 6 ^5 5 5 

Government ....... 3 * ,5 1 2 4 ' 1 . 3 2 2 

Nonprofit — — 1 — — — — ' f) 

Other 2 7^ 7 3 1.3 ( 1 ) (*J {♦) 

Oceanography • * " r ' 

"Academic 63 67 71 55 57 56 67 67 61* 

Industry 2 4 2 # 5 10 9* 10* 12 7" 

Governmerjt 33 22 21 ' 25, ,25 30 18 13 24 

Nonprofit ..-.a;. ...^ 2 7 7 12 8 4 4 9 .5. 

Other — 2 — 1 t_.2 



19?3 1974 1975 



79 
4 

16 
1 



79 
3 

13 
5 

n 



79 
3 
5 
12 
1 



58 . 


. 58 


57 


10 


8 


8 


29 


29* 


ZV 


^3 


"5 


15 


1 


1. 





81" 

2 
10 

7 

o 



73. 
" 1 

14 
-12 



n 
12 



?5 
18 

-5 

O 
1 



77 
14 
7 
2 



77 

19 * 
4 



78- 

.-5 
9 
1. 

'7 



95 
1 
1 
3 



82 
5 

9* 

2 

1 



39 
44 

14 
2 
1 



34 
43 
18 
2 
3 



37 

47' 

13 

2 

2 



67 
10 
18 

3' 
2 



92 
5 
2 



68 -72 

12 1U_ 

16 - 17 

4 ' — 



90 
7 
* 1 

1 

, 1 



4" 
1 . 

n 



64 
7 
21 
,7 
1 



62 
5 
22 
11 
1 



70 
3 

54 
3 



-4- 



(Continued) 



s>~ y ' • - - * , - -r ' ♦ , - . - - - -^-.ra 

- ~ - r - " '* \ * 1 - " \ * '* 

h ineldAnd^eefor -19fetf 1962 1964 1966 196a 1969 1970 - 19?1 >1972 >. 1973 1974 1975 ,< / 

* ■ i i e i ' 1 * v 1 » - : 1 — . - - - « 

T Academic ..l-.l..;. 50 57 62 K ' 66 JO 166> 66 * 61 72 69^ ,68 . ^ 

Industry ...... 28 29 ' 27 29 23 ;d 19 ^ , ;'1B 16 

----- Government ........ 17 12* 8_ 7 10 .10 12 15 ^1* 1t 13 r : 1^ 

^ NooproHt 4 ^— 2 2- '; 2- V - fjr 1 - — 2.. r .1 - 

py -f 7 Other " 1 * O — — * 1 1' — , V) — ;t — 

jv : B , v - . , ... n , ; — : ' A i^:, '*va>-*. • : — 

PotHJcalsdence * ' : . -t^ ' < . • • - - ^ ^ / 

r AcsKfemic: 8t 85 .84 . 85 80 > 89 93 _=JB3 — 81 ,91 SO, _ 

% Industry - - % 5 3 '-T , 4 2 6 4; 2 '1 * -3 v : 

Government m.,*.. 6 9 0 5^ 8 2 i_4 . ,4 6 * '71 "5 - 3 , 3 ; , : 

.Nonprofit^ - * - -5 ^ 5 - : 2 < ^ .2 '^-'^ ^ f . J," ' 



Ps^ichbiogy ~ - - -_. ^ ' . . 

yeademie .'.-C..1... 53 £5 64 7-T / 78 79^-30 75-. ,74 74 73 NA - • : 

» IridB&y 4_ 3 -4 . 1 -1/2 '2^ . 3 ' 3 _.Z 3 .NA .. % , - 

Government.. 7 ' 12 6 f 7 7, 6 v/5 5 10 6 NA 

Nonprofit 9 7 9 ' 12 ' 5 T~. 16 Ml , J2 / 10 ^ -11 NA 

Othef 21 14 - 18*- < 8 . 5 , 6 6-/ -.7, 4 7_ «A , -.; 

= ^— ^ = " r . " ^ * - ^ - — - £.-V- 

AradSmte^...:...,.- 6^ *64 66 ,, 83- 82. \S6 86 " ^6 33 ^90^ 90. : NA 

Industiy 2 ^ 3 2 (') 1*2 2 1 -* ' .* — -HA . - 

, -Govemmwt — - 7 - 6 ' ? .4 ^ 3 4 3 4 3 1 NA 



Nonprofit^. ........ - . 3^' 7 4 5 .4 . 2 3 3 * 2 . 4- NA 

Ofi& 31 , 22 19 9 8 6 8 6" 9 '3^*5 NA 



* Less "tjban 0-5 perc^^- ^ - # s 

^ ~ / ^ORC^NaiH>naiF^efaliOoo1AD^actjn^^ 1916 J A 

V - ■ ^ study amim^bnSj specif icaJly Coft4^5JW>ftp' / 

^ : _ Se^Bgure3-21 ia^xt ^ 

- 'f • - • * . - - ' • „ . 

- ... • , ' .. ' • ■ -- * . . - ^ > 

-K/ ^"->" : --v. r -- : * - w^'- ' • '• - ; x > : " \ 



-.-ERIC- -y?r* \jT~, ; - ; 'v^f 




*^ ♦ 



*** 



" : : .;.aV«. i - ' . 

... e -*v • 



f 



if 



i 



Ik 



•' it.-. £ i %> \-"' . 1 * • 

J " 4 TiWe/-1. ExpenjJttyre* for industrial R&D by source o( fun tf*. 4 960-75 , 

-- <f * ■ > . *t = 



Current dollab ' \ / Constant 1 972 doilafe* _ 
~ Irv : ^ 



a- 



^ « - « - ... ..fiederij r - '« , * "„ federal -*> 

.-. Year • Total industry Government ^fotal Industry 1 Government 3? " : 

' $105- ' 1$4.4 ~~$S.1 ' **»S"'---ja4" * K 5ft * * 




• w w' 6NP ^R 1 ^ 1 P ric ^ <Jrflalo£B used to convert c^enfcfolJafeto coolant 1S72 dollars. 

^T' ; -1 ...^ ^ * ^ x r*,^©WElCE National Science Foundauon, NationafattQmcfjfc^ 



;;.^ee fe^u^e ^l in text 



V.. v» 



4 



-, PA 1 




^ o 



Ysar* 




T«bfe4-2T5W«jlI$t»i 
iridt£triaIR&^ 



d engineers* engaged in 
Of funds, 1960-75 

* 



' Federal 
Indi&try 7 Government 



^ 1960;^~- 
* 1961. 



J 963 .-• 

.1954 ...•«»«■•»»- 

- ' ^1966 : 

* **967 *^k3- 
968 

196S . 



* . £92,000 
$12,10& 
312,000 
327.300 
340,290 

343.600 
353,200 
367^00 
376.700 
387,100 



197fj - 381.100 

1971 366.800 

1972 x&v N 349.900 

-»1973 356,600 

1974 ......... ~ a58^00 

1975 357.500 



NA4 - 

<, NA * 

172.800K , 
169,500 - 
174:600 

180,4o|* v 
1£0,300 * 
2^.700 
219.600 
229,500 

235.900 

237.800 

232.000 „ 

238.400" 

249,700 

249.400 



NA 

NA „ 
139.200 
157,800 
165.600 

163^200 
162,900 
161,300 
156,800 
157.700 

148,200 
129.000 
118,10p 
1*8,200 
108.600 
108,300 



* Full-time-equivalent fcasis, as of January of each year. 
2 Includes all, sources other* than the Federal Govern- 
ment \ M * " - 

yOTE: Detail may notaddto totals because of rounding. 
Preliminary data are shown for 1975. * 



SOURCE: National Science Foundation; Research and 



Development in industry, 1974 
and earlier volomeV 

See Figure 4-3 in fexl 




F 76*322), pp. 44. 46, 



C 



Table 4-X Scientists and engineers engaged In 
industrial B*D* compared with constant dollar 
expenditures for Industrial R&D, 1960-75 



llndex>1960 = 100] 



Year 



Scientists,, ftpendfcures 
and - inconstant 
engineers* dollars* 



i960 ....... 

1962, . » . • . «4 

1963 m m m * m m • 

1964 ....... 

1565 



1968, . 
1969- . 
1970 . 



1971 
1972 .. 
4973 
J 974 .. 
1975 



- 100.0 
103.3 
105.8 

113.2 
115-3 

119.3 
123.1 
/ 126.4 
9 127,7 
124.3, 

118.6 
117.0 
1185 
- 1185 
'149.2* 



100.0 
102.6 
106,2: 
115-3 
-121.4 
124.7^ 

13Z4 
1355 
137.9 
138.0 . 

% 

124.5 
1267 

mr 

1253 
124.8 4 



3 Full-time-equivalent basis, averaged for each yi 
* * QHP implicit price, deflators used to convert d 
constant pilars- ' ' ~ . 

* Preliminary. 

* Estimated.. 

SOURCE National Science Foundation, Bese^ 
Development in industry* 1974 (NSF 76XJ22),p. 44. and 
earfier volumes, and NationaiPatterqsofR&Dhe^ources^ - 




J953-7S (NSF 76-310). pp. 20-21. 
See frgure 4-4 in text * " - 



*26Q 




Tab**-*. BMJ wpuwfft i ff g* ^ Jn*t**y. 1966-74 



I960 19S2 



*T9S3 196* 1965 1906 1967 1968 



* 1970 



1972 tf?3 



«i?4 



Food tTK3 fc^tfred products . ... 

T€*t3esir*djpp8fei rf 

tufr^er , wood product* 

ar^fumftuf© ....... 

Cnemicais andaUied prpffL#ea . 

rat€fte*iiC8& ..... . 

Drugs m& me&cmes 
OlhftrdJ«fn*»i3l 

. *jttraetK>n .... 
ftu&bff products - . 
Stone, en* , a s'^ pfQOicss 
P?mta?y j?5*tai$ 

fs^icateo frietai protfucr 

8a&o sf?a TV eec&suq)' % " 

equipment j 
Bectroruc components 

and ^f?»i^c«&on 
Orfte* e?ecir*caJ equfpmeni 

MOTOf #^cSes a*XJ motor 

Aircraft &no fftSf^es 
Professional ancJ 

sc^erttifsc instruments 

SciCfrt f jc artf fneffiaracai 
mweuTtng tnstn*aems 
* Optical, surgical, pwJ> 
Sfapnic* araj other 



$10M9 


$11464 


31ZS3Q *13312 


$14,165 




"$163^ 






$18411 


$19^83 


^L92r 


mw ■ iww 


104 


121 


133 


144 


1$7 


/164 




l|7 






245 


390 


398 


284 


sa 


2a 


30 


32 




/ S? 


57 


56 




58 


59 




84 


- 68 


to 


10 


11 


t2 


vJ 


12 


* 12 


It 


15 * 


48 


48 


• $r 


56 


17 


ss 


65 


m 


77 




117 


128 


144 


186 


1m 


187 


189 


194 


219. 


830 


1,175 




12S4 


. 1,356 


1,^57 


1J07 


1^ 


1469 


1-766 


1#1t 


1^98 


2J62 


2J84 


666 




SOS 


S65 




if IS 


WO 




1t013 


1.0C 


i,Q2y 


1^i2 


:1,^6 




162 


*95 


216 




267 


306 


- 343 


393 






51O 








iaa 




214 


IBS 


18* 


181 


,196 


210 


; 212 


382 


389 


307 


3121 


338 












1 


371 






51S 


506 














*f5i 


162 


168 


162 


306 


\ * 




230 


384 " 


399 


31 


177 


96 


10G 


509 


112 


117 


136 


142 


Nig 


157 


156 


166 


m 


189 


171 


!g| 


195 




w 








2/0 


' MM 

272 


381 




3^ 




07 


106 


IIS 


i» 


139 


136 


135 


131 


149 


144 


138 


147 


163 


rs 


74 


77 


79 


86 


93 


107 


115 


121 


136 


138 


IS 


tan* 






546 


m 


146 


-145 


154 


163 


183 


182 


200 


233 


m 


273 




943 


§14 


958 


1,015, 




1£17< 


1326 


1,477 


1436 


1^40 


1,773 


1J6O 


AW 


2^4te 


o 






f > 


. ri 


rf 


n 


a 


- 11 




PI 


1^15 




7^9 








£972. 


v.tW 


? - 






4,401 


4JS2 


% 

4«S34 


4,916 










% 

* # 


*!*> 




47 


46 


, 55 


9/ 




84 


48 


46 


81 


( 4 


n 








n 


O 


r> 


n 


'(*) 


fl 




378 


S3 


U24' 






4J72 


1J69 


2^49 


2425 


2^6 


2.713 


2736 


2J81 


2J«f 




8J83 




1.048 


1,093 


1,100 


1211 
■7 — 




1J97 


ui|. 




1346^ 

£i 


1J89 


1J^ 


U614 


tm 














1 
















& 


999 


1J590 


1,182 


1,230 


1^44 


1J64 


1,491* 


1356 


1^82 


1,766 


1J83 


A887 


um 


o 


o 


p\ 
\ i 




fl 


n 


O 


VI 


PJ 






25 


27 


31 




. 4 T 042* 


4J12 


5,076 




5^26 


5J69 


5,776 


* 5,9Q9 


6^46 


4 J12 


4J9T 


6^84 


5,311 


329 




ft 2S4 - 


331 


m 




542 


660 


734 


746 


744 


1 817 


til 


1^08 


. 160 


101 




74 






104 


112 


109 


118 


% 

110 




r 117 


121 




•206 


214 


257 


'^23 


* 361 


436 


* 548 


825 


827 


633 / m 




887 



8 



<C$otxx*d) 



•-. ■*; 261 



. 262 



28, 




I 



inAatfy *m 1*2 '961 *196« 1185 'i968 1987 '968 1988 1970 Wt - 197 2 1973 197* 

0 %^f*^..^..^- 119 85 5* IS 71 ? 90 102 n07 1» 138 1* 158 -TO 

tjP^jdufinis., TS8 254 g?S 319 38* y W IM . W - 7Q<- - TO? 715 779 

> — Cornant 1972 dofeari w Brtto ^ 

T= ^ $fgJG4 $1S2W 117-8*2 >"8 583 titOSt P0 2S5 120735 121.106 $21112 H9770 118.070 119,383 119.752 Hf25g 

Food ■*> ««C-*d (TO*** ..... »St 172 182 198 211 214 232 22» 238 2» » 280 2S3 »3 

TtA«faftavip«nl 5S 40 42 «.^5?- • 88 72 70 8f 83 81 » ft 80 58 

Luc**', woo3 EKosues .ana « ■ __ „ 

*y«tuf» - • *5 ^* ^ iT 15 11 15 * S 17 . 53 50 5* 52 58 

v^^^as^jas, , # 92 88 108 " 128 188 - 188 217,. i» 186 188 m m 

C ^_ CM j.^ s r,^- pe^jcts 1.427 IMS 17>1 1786 1 325 . 1 .833 1,907^1,923 1j813 1-933 U84 ,1888 1.8*8 203f 

'•wju**r*enfrie*!».., 17Q 1046 1.'30 1-180 1222 1198 1222 1,1«3 VIM 1-138 1-382 1.0*2 1-073 1.136 

Doss *~v? ■« 236-276 302 322 358 ' *01 43* 471 500 508 ' 531 54? .582 60* . 

r-^e^.^j _. 221 , 5*3 298 ■ 2S* 2*4 238 2S1' 284 244 28T 301 , 307 296 280 

^Sf^- 435 438 443" 541 53* *83 470 529 538 g* f» ff» *" 

p 'ij:^^ , 17S 200 2i8 217 2^8 2it 230 * 248 2SJ 241 240 26* 285 2S0 

••^il-B!r/^ *2B '36 1*0* 150 151 152 172 172 183 172 • 181 186 166 

i^l^it*. '. 258 2*1 256 288, ,267 302 308 30* 298 ' 301- 283 281 281 27i 

p»^>w»-i**^*."Mjp^5J!SS 1** 137 1*8 r ~*80 '72 iff in 183 1S7 '63 ^ 150 138 138 148 

*?!£u^ ; IPS ■ Ig 108. 108 1U 121 138** 138 1*0 338 [ 133 122 123_ igL 

F*»V£a*ad "*iA> COtfjr* 211 207 yi* 20* 201 206 222 210 219 2*3 2*1 258 247 

* * T Jb2 1298 1336 1J88 *33 1.585 1,676 1.788 1.771 1.808 1.848 1JB0 * 2JJ71 2.1*8 

' r> ./ r> n ,h n 'a o: o n 1.215 1*7. 1*2 

£ ^ it-J^:f i ' 3687 3741 4 003 4 087 4308 4 724 4,884 4 972 5.075 4.184 4,722 4,916 4,991 «714 

^^-^frt ...... .. ft t -<*> P) P) P) 81 57 87 88 77 87 * * « 

&ecrro»cco^!W<9 .... Ti - O Tl _ n " n n r> H O ft _jl 3 17 » r ^29 

C ^*S^^*5^*^ 1 2.477 2575 2676 2.830 3,068^3074 3.128 2995 3«0 28*2^ 2J7| 2*05 

. <m i4»s 1^7 1313 U29 1 733- * 1 n^£83i i»i 1882 i.«6 1710. 1,715, 1738 




264 







*M2 


*9fo 




.196S' 


9te 






^9tS 






*f^2 






- 












/ ConrfU^f 1972 0O^4f» sff m*f|jort^ 




























1J06 
























V«5 


1 75' 






1^32 




i« 


























-* 




** 






— g - 














. r. 




y * ~t_ 






2f 




z* 




5-" r 


5 










7 * 7 4 




46-8*4 


* S741 






* Re 


• 




































43S 


397 




542 




806 


im/ 


§*8 


rs 


- rr$ 


rr 


" or 


108 
















* 


















233 


- 143 


It 






113 * 




^38 








*24 


W 




























750 




y^*0??W .niisumfcr^ ...... 




29E 


299 


iS3 




408 


5S4 










S£4 




173 


i2 


*S 






=3 

100 




124 


123 


a 44 






14£ 










3S6 






447 


^07 


4 703 


755 


772 




707 


§7£ 





1 Dim flof aft/Tog ***** Jtwt y ^ sa^iTZ. 



SOURCE" H^oftot 5c**x**w*tf«xL 



T- ~ Z • • ♦ . Constant 1972 \ 

„ . . Current do! lars doBare v - - r. ;• - ■ 

. (in roflfiorts) finiaWons) Percenttftange \ 

"\ - ; Current Constant 

* Industry 1970 * 1974 1970 1974 dotteff doters 

• S18J362 $22369 $19770 $1*213 233 . -23 

Lumber, wood products, and furniture • 43 67 » ^» .. gH| ** 

Professional andsc***.fK: instruments 745 1308 . 815 . 393_353 33 

-Chernicats and allied products 1J&S 2364 1.933 2gJ . JJ 

Food and Wodred products . 235 - 294 257 fJJ JJ- 

p|p« and aiUed products 173 219 195 - 133 SO JJ 

Stooe.ctay.aryigtass^prcducts 1ST 133 lg • ig 20* ^ 

TextitesarxlappareJ .„ , 58 63 63 53 4| 

^SSS^":::::::::»-^--: - ^ 5311 5.741 4^2 13 :,. *b, 

* GNP imp***! pn^defeatofs used to convert current dolfaxs to constant 1972 doflars. 
' SOORQE. National Science Foundation. Research and Development rp Industry. 1974 <NSf\76<522), p 26 

See Figure 4-6 in text % , * 



Table 4-&1ftdUStrl*l R& expenditures, for basic research,* 
applied research, and development, 1960-76 

{DoUars in millions] 



Year 



Basic Applied > 
Total research research* Development 



i960 ..»•».»....*« 

1961* ...... . 

1962- .«».»..»«.. m_* 
1963 ..^L^. 

1964 

..*.......< 



-$10309 
10,903 
11464 
12.630 
13.512 
.14,185 



1006 ....4. m»ym>mm mm »»..-.» a « 15*546 

1967 16,385 

1966 . ...... 17,429 

1969 . 18,308 

1970 r.... v ..v. L«» 18,062 

1971 ......!...... 



1972 .... 

1973 .... 

1974 .... 
1975(est) 

~1976(est}: 



19,333 
20,921 
22369 
24,250 
26,500. 



Current dollars' 


$376 


$2,029 


395 


1,977 


483 


A449 


522 


2,457 


549 


2,600 




3353. 


624 


2J543 


629 




642 


' 3,124 


618 


0287 


602 


3J426 V 


581 


3.413 


579 


3.471 


621 


3.739 


683 


4.129 


725 


4.450 


lib - 


4.80QT 



$8,104 . ' 

5.536- 

8,527 

9351 
10,363'^ 
10335 

i£oei 

12,841 
13363 
-14.403 - 
14.TJ34 
14,317 

15333 
16361 
17357 ^ 
19,07^ 
20,925 



Constant 1972 dollars* 



' 1960 , 
196* 
1962 
1963 
1964 
1965*. 

1966 
1967 
4968 
.1969 
1970- 
1971 



1§72 ..... 
1973-.... 
1974 ..... 
1975{esth„ 
1976{est) . 



$15,304 


$548 


$2355 


-$11301 


15.745 


5f0 


. 235$ 


12321 


"16,249 


692- 


^471 


12.086 


17,642 


729 


3*32 


13,481 * 


13,583 


^ 755 * 


3,576 


14.253 * ' 


19,086 


* 797 


- 3,576 


: 14,713 


20,255 


813 


3.^04 


15.739 . 


20,735 


■ 796 


3.689 


16,250 


21.108 


776 


3.783 


16347 ^ 


21,112" 


J 713 


3,790 


16309 


19.770 


659 


- 3.750 


15361 


19,070 


605 


3354 


,14,910 


J9383 


-579 


3,471 


15333 . % 


19.774 


. 587. 


3334 * 


* 15,653 , 


19,216 


587 


' 3347 


.15,082 


*19,057 


^570 


3.497 


14.990. 


19,813 


575. 


3389 


15.645 



1 GNP implicit price deflators used to convert current dollars to^constant 1972 dollars. 
NOTE: Detail may not add to totals because of rounding. 

SOURCE. National Sctence Foundation* Namaat Patterns of R&D Resources, 1953*76 
{NSF 76-310), pp. 20-27. ~- 



See Figure 4-11 in text • 



263 . ; 



if 



Jtfrft 4-7. AKocttfon of B&D txpendftures ijtmdattry bttwttn 
meerch and dtrttopment, by source of tvsndt, 1965-76L 





Development 




, Basic and applied research 






Federal 






Federal 






* 


Govern- 






Govern- 




Year 


Total 


ment 


Industry* 


Total 


ment 


Industry* 








- Percent of total 






-ides JTTr> 


' ioao 


593 


40.4 


1003 


37.7 


-- 323 




100.O 


583 


41.1 


1003 


353 


^353 


1967 v .„ 


. 1003 " 




44.7 


100.0 


353- 


" 012 ; 


1968 v ... 


100.0 


; 53.7 


463 


•10p3 


324 - 


,673 




100.0 


505 


493 . 


. 1003 


304. -. 


- 693 ** 


1970 


1003 


463 


532 


* 1003 


300 


703 _ % 


1971 


. 100JO 


453 


54.1 


* 1003, 


273 


723 _ 


1972 


100.0 


453 


543 


1003 


264 


733 


- 1973 


ioao 


43.0 


57.0 


1003 


253 


743 


1974 ...... 


1003 


40.4 


593 


* 100.0 


253 . 


744 


1975{est) * 


1003 


41.1 


583 - 


1003 


- 253 


74.7 


1976{est} . 


100.0 


4g3 


583 


•1003 


253 /_ 


743 






T 


Dollars Irr ntfBtons 






196S . . . 


$10,935 


$6316 


$4,419 


$3350. 


$1,224' 


$2326 * 


1966 ••••• 


1^081 


7,120 


4,961 


4467 


1.212 ; 


> 2355 * 


1967 .„./ 


12341 


7,097 


5,744 


3344 


4,268-" 


Z27S 


1968 ..... 


13363 


7337 


63^6 - 


3,766 


1323 


£543 


1969 


14,403 


7<276 


7,127 


* 3305 


' 1,175 


2,730 


.1970 


14,034 


6372 


7,462 


, 4,028 




2321 


1971 


14317 


6367 * 


7 JflO 


3394 


1,099 




1972 


15333 


6379 


0354 


4,0K> 


1368 


v?3fe. 


1973 


16361 


7,114 


9,447 


4,3*) 


- 1.111 


3.240 


1974 


17357 


7,098 


10,459 


4312 


1233' 


3375 


1975{e$t) - 


19.07$ 


7340 


11.235 


5£l75 


1310 ' 


3365 ; 


1976{est) . 


20325 


8,780 


12,145 


5375 


• 1,420 


~~ 4,155 - 



1 .Includes all soured other than the Federal Government^ - 4 
\ *- ' * " " " » , , 

* SOURCE. National Science Foundation, National Patterns of B&DB&ources* 1953*7$ 
(NSF7&310), pp- 23, 25, and 27. 
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See F^jm 4-12 in text 
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# TabkT4-& Product fklds for which appfled research 
and development expenditures are reported 



Ordnance, except guided missiles 

Guided missiles and spacecraft « . 
Food and kindred products I 
Textile mtB products w . * 

Cherrwcals, except drugs and medicines ' ' 

industrial inorganic and organic chemicals 
. Plastics materials and synthetic resins, rubber, and fibers 

Agricultural chemicals s- / 

Other chemicals * * - , / » * 

Drugs and medicines , * / * * 

Petroleum refining and extraction f 
Rubber and miscellaneous plastics products f * 

Stone, day, and glass prodopts 
Primary metals * 

Ferrous metals and products 

>lonferrou$ metals and products 
Fabricated metal products ^ ^ 

Machinery " • . 

Engines and turbines > 

Farm machinery and equipment 4 

Construction, mining, and materials handling machinery 

Metahrorking machinery and equipment 

Office, computing, and accounting machines - * * 

Other machinery, except electrical 
Electrical equipment except communication 
: Qectrfc transmission and distribution equipment 

'Electrical industrial apparatus 4 - * 

Other electrical equipment and supplies 
Communication equipment, and ^electronic components 
Motor vehicles and other transportation equipment " • 

Motor vehicles and equipment 

Other transportation equipment 
Aircraft and parts * 
Professional ahd scientific instruments _ ' 



See Tables 4-13 and 4-14 in text 



Table 4-9. R&D intensity of U5, manufacturing Industries, 1961-74 



Industry = 
group 



.1961 



1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972* 1973 t$74 



Groupie .... 
Group 11 ^..V 
Group III ... 



.Group! * 
"Group H . 



Grouq I 
Group II .... 
Group III ,** 



32 
1.7 
0.4 



TotaHteD as a percent of net sales 



- 9.4 92 
-£1 2,1 
'0.6 0.6 



10.0 10.1 
2.1 22 
0.6 0.6 



9.4 
2.0 
0.6 



,85 
15 
05 



8.7 

3. 



ai 7.9 6j9 ^8 - BA *< BS> 

15 15 15 18 .1.8 .iS *15 
0.6 0.7 % 0J_. 0.6 -0.6 05 65. 



Company funds for R&D as a percent of net sales 



32 
1.6 
OS 



3.4 
1.6 
0.4 



3.4 as 
1-7 vt.6b 
05 OS 



3.4 
1.6 
03 



3.6 
45 
0.6 



35 
15 
0.4 



3.T 35 
16 ^i:t . 
0.4 ; 05 



35 
0.4 



a4 

1.6 
05 



-R&D scientists and engineers per 1.000 employees 



3.4 
1.6 
0.4 



53.0 495 54.0 545 525 462 46.0 44.7 
17^l! 175 17.0 17.1 *6.7 15.9 155 155 
6.4 55 :5.4 5.9 6.0 5.9 62 62 



435 44.0 4X1 *40J 405 407 
155 15:7 16.*. 165 16.1 -165 
62 55 v 62i 5.9 ^ 55 55 




SOURC^fc^aUonai Science fSunaahon, Reseaioft ano Det&topmeni <n mCusuy, f$74 (NSF 76-322), pp.26.31, 44. 49.52.54-56, 
and earfier volumes. _ ^ : , * -J" / " 

SeeJRgure 4-17 In text ' _ ' . ; ' — — - - - 




Table 4^10. U.S. patents granted, tyimrftqtdr 
and dalt^fgrant, 1960-76 



AlllLS. 
Year/ patents 

1960 /47U70 

1961 ..../ 48,363 

1962 ^5.691 

1963- ... i 45,679 

1964 ........... ) 47575 

1965 ......... :J 62557 

1966 /. 63,408 

1967 ©,652 

1968 59.103 

1969 * . 67560 

1970 ..... * * 64.432* 

1971 ........... 78520 

1972 /. 

1973 74,148 

1^4 y 76281 - 

1975 72,029 

1976 ^70220 



,39,472- 

45579 ' 
37,174 - 
38.411 

^50532 -> 
54.636 j. 
51274 
45,783^ 
50598^ 

4^077 
55580 
51520 
51509 
.^50548 
46,731 I 
44280 



7598^ 
S& 4 * 
10,112 ^ 
^505 . 
8,964 # 

•42525 1 

- 13.772 
14,378-. 

- 13520. ~ 
;17 + 162^ = 

17553*- 

23294 




SOURCE; Office of Technofogy- Assessment' and 
Forecast. ILS.Pateni andTrademark Office, OTA f Special 
Report— All Technologies (May 1977}, unpublished; and 
U5, Commissioner of Patents, Annua! Report for Fiscal 
' Year 1970, pp. 2fand26. *. 



*■ See Figure 4-18 in text 



,'3 t 



[ * s — — ~ J*^ - * ~ ^ - _^ * ' - \* ■ ■■- * . 

TiWe 4-11. IhSv paWnfc 1 sraniwkfcy as»fen)&e«Kld^teo/jgrant t ^961-7e * 

. J ' / ; - - - ^ " - % v ~ : ■ V / ' - ~ Assignees ; : f *- x ■ k 

^ ^ - * " v .OS. US. \- \^ * 'f 

* 'Alt corpora^ Govern- indi* , „ - - . 

<_ .Year assignees tjons « merit . -victuals* ^fpregtf - ' I 

V- 1961 „ 40^54 2&382~~ " f,46Q 11,233 *Z 70. * ' v * 

- - 1962 45,579 31,377 ^1,27^ 12.817 ^ 16? , - " ; 

1963 ' 37.174 ^722 f(058--V . ^ . 

"tfl64 v.- 38.^1 1 - 26.808 r 1.174 ^ 10336 , ^3 » : - 

1965 - : ^.^50^2 * 35,698 f 1^22 ^3 # 0^ €0 f- 

*? *' « l96aMt-. * 54^36^ - 39393 1,512 ^ .13.050 . 181 

^ - - > 1967 - 5Y574 * 36J45 V, 1,726 12,634 ^ ' 169- 

1968 45.783 33^5% J,^56 10>768 206* 

^ 1969 50*398 37.033 - 1,610. ^362 193 * . ^ 

. ; * lv* > — ' 1970 47,077 ; 34,903 * 1.761 > * 10.157 ' .256 _ * ^ 

r *, - 197f ...^ 55^80 * 40.67^ Z135 1^74^ * /423 " , 

V-^" - * * 1972 . J. . '51.^20 ^,874 1.762 .12378 ;^"30ft - r 

; : :;1973 J 51^09 36j515 v ; 2^J7B , 12.677 J 539 \ 

-^^'^ 1974 *50.64S 35.655 1.729 12^78 ^ 2&6 * $ ' 

U ;r. . ^ ^075 46,131* . 33/04 ^1^82 f 11^02 ' r * '243 T 

; 1976. ^ 4«so / 32.119 ^ 1307 < 233. ^ 

. - * ' 3 ~ — » — ; . * 1 ■ — C > * 

'-^.^ :- * * Due to U.S. inventors. L --< \ 

" J Comprises patents assigned to Individuals and unas^gned patefiis. 

» Comprises patents ass»gne4 to foreign corporations, governments, and indryiduals- Q 



: ^ 



SOURCE. Office <A Technology Assessment and forecast U.S. Patent and Trademark 
Onice, OTAF Special Jteport— Alt Technologies (May 1977). unpublished; U.S. Com- 
missioner of Patents. Annual Bepdrfjor Fiscal Year t970. pp. 21 arid 26; and Office of: 
^Technology Assessment and ForecasJ, unpublished datiu 

See Figure 4^19 in text * % A f ^ t 
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Tab*e 4-12. US. pefcrrt* 9«Mff 1 



S J£et4 Mi date «4gnwlk1968-7£ t 



Product fie&f 



food and kindred products 

Textile tmli products ' 

Chemicals and aiBer products, except drugs ^ 

Baste tndusthaJ inorganic & orgaruc 

cf>em*c*i5 \-: t «/. « 

Industrial fnorgamc cherrucais 

IfxHistfiaJ organic cherrOcak 
Plastics materials and syntne^c tens, rube**, . 

and fibers ,* . ** * 
Agncttftural cfternicals 
All ot^er <jftem*ca$* * 
' Soap. detergents, and cleaning preparations* 
p^ffumes, cosmetic* and otner toilet 

* preparations . 

Pamts* varotshes* taCQuers, enamel and 

an ie# products . / . 

Maceilaneoua cnerpica) product* 9 

Drugs * - • 

Oi) and gas extraction, and petroleum refining 

and rented industries 
Rubber and miscellaneous ptas&qjt produce 
Stone, ciay . glass, and^concrete deducts 
Pnmary meta*s and meta* forgings . 

Pnmary ferrous metals tr*dustAe£ ' 
Prariry anc secondary eorrferrovs metals 
kidustriea • , 




PaDncatfio «netaJ products 
* transportation equipment torgu 

ordnance . . 

Machinery except etectnea) 

Engines and turbines 

fiermand garden macftmery and equipment . 
Gonstructrorr tuning, and fft^enaja 

tracing machinery and equipment . . . . 
Me&wortgng *nasnmery and equipment 
Office computing and accounting machines 
Oft* noneieewea) maehgiery * 

Spec** industry *mac?unery. except 
metaiwortcmg maenmery ~ 

General industnu macntnery and arj^prnent 
jRetagerst&jn and service tftdystry 

. machinery . . •>» ...... 



1963 

418 
485 

4,635 



1904 ,T965 -1966 3967 



1968 1989 itoO 1971 19?£ ^73 W-trt^wr 
§19 0 



439 * 452 48*^43 466 896 §19 99T 712 . 81* 

360 366 494 4» p« iser m* m 4* mf ^ # *m 

4,706 5,938 7,586 X.736 &530 7J49 Mg6_6j0e 9J02 &894~ 7,048 ?jm 




2* 

2JB 



2,764 £977 3275 4, 191 - 4<387 3£86 429% =8.738 -8*11 fam *4jB9f 4M& 2A 

669 664 801 _* S49 9i7 979 983 770 *849 1,0104 /7B6* 913 990* 1J 
233* 2,5* ,£825 3,710 3,74$ 3M& *770 4J231 3356 ^£36 W U 





m 


1.471 


^123 


2,198 




1987 


1,662 


1393 2rt89 1*8 


1.739 


^09^ 


< E9 


475 


% m 


432 


66i 




444 




539 


562 ' 799 689 


.994 


1J98 




* 460 


406 


sm 


692 


fl4 


569 


661 


942 


908^ 14)83 * 9*5 


739 


728 




' 97 


~J6 


144 




281 


- * * 


178 


216 


* 299- "288 254 


946 


* * 


*7 








52 


: 36 


54 


9P *J41 


45 84/ 98 


99° 


64_ 


99 


392, 


368 


415 


•~536* 




466 


510 


454 


,c^7 783 . 968 


909^ 


W X99 V * 




"827 




624 


'7« 


^ 578^41 




. 697 ' f49* 791 


969 


1,149 


-4*S* * 


576 


«36 


784 


950 




> 782 


79B 


796 


- 766 WS 80St 


894 






1,966- 


1^46 


Z405 


2JGS" 


2,775 £552 £806 


2,442 


1881 um tm 








906 


802 


963 


l^K./1,f06^ 


963 


1191 


'-1,213 


•1J63 1^83 1.K8 


1J89 






. 431 




5» 


927 


630 


834 




*m 


985 59* 931 




^571 




325 


= 36? 


364 


429* 




366 < 


* ps 


371 


^9 3Bf 446 




436 




197 


; 2&4 




366 


983 


32? 


369 




989 378' 368 


W 







§,4ee 5,ses «7j» 7,t& f!m *m 4*» w» 7.00 m» w 

12,738 13,146 'WW. 17^&4,Jft3gg -»M<g <M64 tftW ^7,1» tSJflS 1MB 1&fl?4 

901* 90s i,ic»nitt •» «e .mo «5~*»5 nf «m» Sjflw t.iw 

1,418 1.S* 1^71 % 1J«& tfff' t«*^..4M 1^*9* UM .tjteft JJSi tj« 1j8B0 4 

aaea 2^*^377 t.<mjRir*tim. v!m "sM f» 

1542 * 1,414 1M8 U1i -M4S 1» 15W 1jSM 3 W 1J88 1,449 
1.19MSC533 1,763 2^86 M 1»8 1J9*.»1.J« " ^ " 
7.863 8.0B 10,186 11,213 10.100 *386 9.493 3,441 

2J83 3J64 %m 
4.133 4,136 5;433 



as 

09 



&6 
0.1 



1323 1,180 1,467 1939 W70 15?B 




TiUt 4-12. (tondnMMf) 



•- -•• • - • • — - •• ----- , : : „ • 

_ , - '- , Jfj Pm^m 

Product f*tt *963 1964 1965 1966 1&T 1968 1968 IfTO 1871 1972 J973 197? 1*75 pv|W. 



a&cfrical 

fLac&ica* equipment except soflrauMcaton 

^strufncits . - , • . , 

Bec**cal in&atnaf apparatus 

Omar a*#etnc*f machinery. ecr*jxnenJ 

«*1a0pp§e8 ...... 

Household appfiances 

BeClr>c hgiftingfcnd srTOsg aqvipWRt 
Iftscet'aneows a*tc£f*caf mao%inefy. 
^qiHpfr^n^ aad Supplies . .. ... 

ComTn^n^cst^ eQuipf^erri 6 eaectroftfc 
comg Pft a rgy 

ftadto teieH»0n recaw^ eouip* 
mertt except cofmr^cmtw types 

and cofTanur^cat^n eou^xnarn . 

Transportation ecju^fnent except atfsnft 
andonlnsace . 

ttoto* and motor veftcie eoi^prneaf 

^Q jKJeo rmsatiaa and space *ef£c^es «*d 
Darts 

Otnef aansportanorj equipram 
S^vp and boes b^kfcng and repairs 
Railroad eouipowt 
Motorcycles, OscycSe*. ano partj 
fcft aa aattftaopa ttawportaBf* egtfpraenfr 

Ordnance, atcept au»ies, and tardea 

Pm58sawaj and eaemific instruments* 
except atecoica) measuring tnstiwwts 



557 633 m7< 724 



. # • 



726 790 TO. 998 8*4 9*3 



803 



33 



: ' : — ; - 1 ' v 

^11 4*194 8084 6796' *266 5,412 8£21 SjKZ 6J79 , 5.54Q *A6 5.146 4J37 §J 



978 1J301 2,132 2336 2JD96 1J64 1J8B& t Jet 5L386 1.783 1,933 1,673 ; 1» . 0-7 

1£71 1218 1,841 -2.065 1*40 1.881 1j886 1 J86 2,118 1 888 U86 I^St . 1,186 -05 

% • 

Zm 2203 2J&T 3.266 3J64 ,2,732 ls*1 2.798 3JS4 2,738 £W JMlt M 

888 887 1 038 1,131 1X382 Mm §8T 188 1^888 -0t1 8« tt3 7» -13 

531 ^ $47 779 938 . 801 868 717 788 832 888 817 752 *M 08 

789 781 1,095 1.782 1.178 1,0*5 1J238 1^63 1^87 1.129 iM% 1 J93 ties « tj 



3,681 4080 &063 6,53D 



547 937 ^ J80 838 



i>747 |^<B M«t rM^j 7^81 8^407 ^BH 



477t 



888 1,089 1J088 1J 



t,111 



877 904. 



i 

3621 r 4,042- 5,9X0 4398 6J88t 5JS32 t.41^M» 7jm *J3& 8J88 S.713 Mil 



. J 
M 

is 



Z3T6 


2^86 


3r138 




Z786 






£388 


2j878 


7 ay? 


1881 


3256 




U8 


. 116D 


1J^. 


1580 ^J88 




1.366 


1^68 * 


1J9tf 


1*488- 


1J42 


1JB2 


^}.784 


1J87 


2L8 


,3S4 


*386 


433 


48§: 


*m 


333 






- 287 


*77 






816 




IF 811 


828 


1.1S8 


1.08#* 


' 14)06 




m 


963 


M1f 


993 


1,186 


1*166 


992 




293 


282- 


^ 381 


313 


344 


346 


343 


311 




314 


* 364 


481 


312 


. 1.1 - 


-371 


428 


4624 


880 


510 


m 


.480 


488 




484 


572. 


583 


461 


88 


88 




103 


92 


111 


66 


66 


75 


92 


87 


79 


* » 


73 


-1-1 


- - r — ■400 ta ~ 




- €10 


575 


533 


•512 


s 4S6 


489 


544 


S19 


891 


532 


822 




301 


353 


403 


331 


331 


841 


292 


*2» 


- 391 


362 


698 


348 


,327 






72G 


233 


w 


884 


879 






J te4- 


802 


781 


844 


821 


09 



3.467 ^,422 4J75 5^05 4383 4513 5.470* 5J78 815^ ^8J62**4JNB dj014 5,484 m%B m 



Patents due to u S tnvemor^ taaad on o^ateai l a fr i anpas mrftWit Offioa Saa. * * 
' Ot>£snad fitxri me toast-aqutfes thftx^n th« data, lor aac^i pfodnct fttkt * 

» • * / 

te NOTE OeOii may ooi acw to feTtais C8cau»ot mtifUpte counttng, * 

SOURCE. O^cao* tecr>no?ogy A»e«rr^m ar>d f of *ca*t US. ^t*nt *n4 Trad^wrt Q*t*c* U S f^tirtf Acf^*? 
- Ftfty Tfto Standard inausuw Gtmfktftoto CMpoaaa* 1963-75, {frnwkto^OnQiMt m H m tt m Pmr*Ctm&K#toQ 
Only t* ttLidy cofT^maaioftad $peciftcalty fo^ Ite* report) 4 
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TaWt 4-13, Sourc«*oMn¥toHon for UJ5. palate, 1 by product fieW, 1965 and 1975 



Number of patents granted. 



Percent 



Product 



TeJdierttiilj»ducts r. 

Chemicab and allied products, except dro^s 

I inoYyarOc a organic * 
chemicals ?\ 

cbemicate 
organic chemicals 
materials and synthetic reskis, rubber, 
fibers ........... — ........... ^ 



US. inventors 



Forwgn irwerilgrs 




tcftamjfcis * 
lergerrtsTbnd < 



AH other cb 
Soaj>, dB ta rg ents ?tod cleaning preparations; . 

perfumes, cosmetics, and other ioiiet 
* preparations ........ 

Paints, T&nishes, iacquers, enamels, and 

. afied products . — — f — 

&6s698aneoo3.chemicai products 

Orugs ..».*-..-«.-.*.•..• * ... . . • ...... 

Ofl^and gasexttactfpn, and petroleum refining 

and related industries . .„.*..... 

Robber and misceSaneous pteCcs products*^..,.., 
Sjooe, day. gjass, and concrete products 
'Primary metals £nd metal forgings 

Primary ferrous meiajs industries — y I., 

Pr*nary and secondary r>onfenousmeta& 

* industries , ...«..*.. r . ...... 

,Fabnca£e$metai products;- except machinery, 
transportation e^uipmect* f org^ngs, & - * 
ordnance*.... •_ 

Machinery: except electrical ^ 

Engines and turbines ^ — 

Farm and garden machinery and eqtapm^nj — 
Construction, mining; anirmateriaJs % 

handling machfr*eryand equipment 

itetafworfcing machinery and equipment 

Office, computing, and accounting marines . . . 
•Other nonelectrical machmfty ....... — ... 

Special kKJustry. machinery, except 

metahvorxing machinery ... — , 

General Industrial machinery and equipment / 
R^dgefcatJon and service industry * 

machinery ....... . 

: Miscellaneous machinery, except 

electrical * — 



1965 




1966 


1975 


1966 -_: 


^3975 


20 




* 452 „ 


622^ 


^ 112 


302 


25 


41 


353 


419 


121 


297 


2? 


41 


5,638 


7.546* 


2l0T • 


,5^30 


. 31 


44 


3,275 


4,302 




* . - - . 


30 


33 


801. 


930 






at 


45 


£328 


3,650 * 






, 21 


39 


*^ 


1J64 


390 


1.13B 


35 


♦ 44* 


432 




* 229 


* olt> 






518 


72B 

« 




lift - -* 




35 


- 

* 144 




V 32 ' 


436^ 












9 


30 


32 


• 64 , 


3 


:^7 


iS 


27 


415 


"* 519 ' 


• * 7$ '.' 


« 196 - 


AO -! 


AC 






* 423 


988 , 


" r 


16 


€ 784 - : 


761 


- . &T 


150 


15 


33 


£405 . 


^431 


* 452' 


liflO- ^ 




34 


983 


JJ090 


193 


- 556 " ^ ~ 


23 


* 44 




V7571 . 


217 


^ 454 ■ 


23 


- 44 




43S . 


' 143 


346 


29 


45 


v 325 
f — 


'[ 308 


132 


251 


# ■» * 


• 




* * 




- — - 


" 16 


30 




ft216f W T.^4 ' 


Z630 ~ " 


2\ 


37 


16,905 


13,73£ 






r 29 


41 




1414^^457 \ 


766 




27 


1*371 


;%soo - 


401 


561 












18 


30 


% 3£77 


2,570- 


719 * 


<112 


21 * 


39' - 


- 1.636 


1*140 


443^T 


733 


13 


35 


1.763 


1^ 


398 


- 865 ' 


23 


. 33* 


10.186 


8,359 


2,979 


5,053 


2S 


43 . 


- 3.697 


.3,240 


1^31 


2.410 


'21 


35 


5,439 


♦ 4,277 


1,438 


2^9 * 


16 . 


31 


* 1.457 * 


1,184 


275 522 














20 


31 


907 


' 803 


200 


359 



(Continued). 
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'I 
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9 

ERLC "\ 



-V • ) ' 

Product feta 



Percent . 
foreign inventors 



1965 



1975 



-Number off parents granted 



US, inventors 



Foreign Inventors 



1965 



*1975 



1965 ^ 1975 



€tecfncal equic*neh!* except cornmunication 

equipment: and etectrical measuring 
-_ instruments ..................... — * * • 

_ Electrical tiaf*sm*ssk>n a^ 
, equipment and elecihV^ measuring 
instruments • 
_Secir»caI Industrial apparatus 
Otheretectncalmach^ 
r fcn& supplies ....L..—. 
- Household appCarx^^*...*.:..™-.... 



*..* .13 



Miscellaneous etectricaJ machinery. * 
/ equipment, and suppl*es ™-**.7— .is., 

Conynun#catk>o equipment fcelectrorA 
components . A.* » % ... 

* |*ad*o and television receiving equip- 



EJedronic components and accessories 
* and cornrnunlca^orjecpitpment 

Transportation equipment, except aircraft 



Motor vehicles and motor vetecte equipment 
Guided missiles and space vehicles and „ 
parts ............**.......**.* * * . * % * **' • * 24 

transportation equipment ,22 

Ship aj^boat butkkng and repairing . . " 17 
fla^rc^ equipment — .... 

Motorcycles, b*cycies, and psxts . 34 , 

* trfbcgilanedus transportation equ*psr>ept .... 27 
Ordnance. -except*mlss4e^ and tanks — *pf 

Aircraft and parts' ... 30 

Prof essional and scientific tnstruments, 
except electrical measuring irwtri^ents « 19 



34 



6,034- 



4,537" 



1.297 
——f — 



zs4 



16 

. 2a 


32 
41 


2,132 * 
. 3^41 


1,324— 
1439* 


403^ 
463 


'636 
620 . 


18 

is r 

13 


32 
29 
37 


2£29 
1,039^ 
' 179 


2.481 
792 

614. 


> 
850 
222 
175 


f.189 
316* 


. 13 


. 32 


1,095 


1.065 , 


248 


5lV 


. * 18 


34 


6$93* 


5,460 


1,315 


2.767 ; 


18 


33 


937 


909 


204 


522 


* 18 


33 


5,970 


5.411 


1,233 


2,715 


. <23 


37 


" * ai38* 


2343 


921 


1.739 



543 



1,f&6 




' Baseji on or*g*iai references m Pat^j^ptftce files * " * ' * I T 

NOTE* 0eia*l may no! addUo totals because of mu^ple counting! ' ^ ^ _ 

■ . *- * ^ * . * " " 

^SOuBCE- Oflice o1 TeciHxaogy Assessmem ar*o f or ecasi. Paienl and Tiademarfc Otf*ce, u.i Patent Admy & F*1tg 

comrmssioned spedfrcaUy for ttes report), 4 « # - # ^ ■> 

^ * * 

Se£ Table 4-21 frftext - + - „ : - « * * * . 



Tabte 4-14, Ownership of 0V3. patents 1 In each product 
. tor Jutent* granted In 1965 and 1975 





US. 
/corporations 



Percent 
Government 



Percent 
USL 
individuals 



Product fieW 



1965 



1975 



1965 1975 



1955 



1975 



Text*e ntfi products ....... 

Cb^mtcais^and alfied products, except'drugs .y. . . 

Basic industrial inorganic & organic- 

„" chemicals —I................... 

- Industrial Inorganic chemicals 

^ I ndustriaLorganlc cnernicals 

Plasties, materials and synthetic resin?* rubber. 

ari& fibers ....v......... j ^ 

AgocutturaTcherf^c^ .-j.-- 

^ other ^nlcals %. .I.;. ~. v ... 

Soap, detergents* and cfeank>g preparations: 
perfumes, cosmetics, arid other toilet" 

preparations * .. 

. Paktis* yamishes, lacquers, enamel and 

^ afterf products .......... — ....... 

Miscellaneous chemical products 

Drugs .> — ... 

03 and gas extraction, and petroteum refining 

and related industries 
Bobber ar^pi^c«8artep^plastksprc^ocis 
* Stentev clay, glass* and concrete products 
Primary metais and rnetaHorgings ....... 



Primary ferrous metals industries 

Primary and secondary nonferrous metals 
industries. .\. — 



> Fabricated metal pr odu cts , except machinery. > 

ordnance 

^4iiachinery J ^xcept eJectrk^l ........ — ......... 

Engine* and turbines 7. ...v.. . 

farm and garden machinery arid equipment .... 
Construction, mining, arid materials 

handbng machinery and equipment 

- MetaJwrkiog machinery and equipment ....... 

Office. computing, and accounting machines ... 

Other ncjietectrfcrfrinachbery 4....... 

Specif industry machinery, except % 

metahvorkir^machk>ery 

* General industoar machinery and equipment . 
* flotation and seryk^c^y , 

. macnioery 

» Miscellaneous fpachlnory, excbpt 

: electrical 



77 



- 34 


77 


a 


* 95 


90 , 


3 


93 


. 91 


3 


1 87 


* * 85 




94 


92 


3 


95 


. 93 


2 


sr 


89 


3 


87 


81 


6 



5' 

9 

4 



23 - 
12 

4 " 



4 
6 
4 

Z 
2 
11 



3 
5 
3 

3 
10 
7 



1J 
13 
5 



4+ 

8 

4 



5 
8 
8 



• 85 


. 67 


5 


1 


10 


10 


S3 
83 






if 


9 * 
6 •-. 


9 

6 * 


89 


89 . 


• 2 


3 


8 * 


* 7 


f s- 

1 K 


-90 • 
71 

' 73 ' 
75 


• JO', 
2 

4 . 


2* 
2 

• 2 
6 




7 

'IS , 
19 ' 
18 


80 


76 


2 


5 


18 1 


13 


79 


77 


6 


.7 


1*\ 


14 



64 
69 


6* 

70 


* ' 2 r: 
2 


V 

2 • 


: 29 . 


28 


65 


69 


5 


3 


.30 


28 


53 


56 


t 


1* 


46. 


<-43 


81 * 


* 63 


1 


1 ' 


38 


36 


.69 • 


65 


1 * ✓ 




30 


33 


83 


82 


3 * 


3 


15 


'14- 


71 - 


71 


1 


2 ~~ 


27 > 


27 


74 




2 


1 


24 




•69 


r 


1 


2 


29 


66 


64 


1 


1 . 


33^ 


35' 


„ ♦ 












63*. 


67 . 


.1 


;*2 


. 31 


30 % 



TjW*£lMCootfcx»d) 



t * Percent 
^ corporations , 



\ Percent 

US- 
Government * 



Percent > 
US. 
, individuals 



Product Held 



1965 



197$ 



1965 



1975 



1965 



1975 



. Electrical equiproeot'exc^jKxnrnofikzlion ' . 
equipment; and electrical measuring ' 

irotruroento* v ~ 79 ' 77 

^rSecir^tranam^^ 

nt apd electrical measuring 
nftr < ..». MM . ¥ t v . ...... 

Other e^btiipai machinery. equipment 

^ancf3upp4ies ....... . 

"Household appfiances- — .1, , 

EiectncBgrjbog and wiring equipment .....V. 
MIsceBaneous electrical machinery, 
equipment and supplies ... 

^Comrmricaiion equipment & electronic T 

components ...j; 81 76 



*t - .5 




82 
84 - 

75 
67 
77 

81 



84 

76 
19 
77 

81 



1 

2 



13 
12 



32 
21 

15 



12 



RacBo and istevfefoniecetirfng equip- 
menC^xcept communication types 
\ components and accessories 
i equipment 



and< 



\ 81 



73 
75 



6 
7 



9 

"9 



11 
12 



TransportaixxuequSpment except alrcraf£ 
and ordnance .V. » ^ . . — J... 



59 58 



33 



Motor vehicles and motor vehicle equipment „ 
Gukted rmss*tes and space verrictes and 

parts # I. — * 63 

Othectransportalxxi equipment £4 

" Ship and boat buOolngjand repairing ......... 54 

Raitoad^quipment . 4k^-»~* ....^^ - &L- 

. &{piorcyc$es. bicycles* and parts ............. 79 

Miscellaneous transportation equipment* ..... . — 86" 

Ordnance, except mbai^s; aodtart.fcs ^/.T..,.I j38 



65, -2 

73 -16 

53 2. 

49 2^ 

19 — - 

-78 ' 0 

62 1 

39 32 



it 



35 



\5 16 

2 \* * 3* 

~8 ' 44- 

0 17' 
1. . 21 

1 33 
42 30 ' 



ASrcraff aiv} parts" ....... * • 

Professional and scientific instruments, 
except electrical measuring instruments 



,6i 

J 



67 
67 



4 



_4 

a- 



33 
28 



•17, 



15 
12 

20 
23 
19 

14 



14 



12 , ' - 
14~ 



>34 



. 34 

12 

* 44 

29 
37 
20 



X 



Due so U-S. inventors, based on original references *n Patent Office fctes. for e^o-owned patents are not shown 

\ • > J T ' .t-*- * 

SOURCE Ofbfeot Technology Assessmem ana f o/ecasi. Patent and TraOe«narkj}ffic&, ILS. ^tfwrt Arthrity & Kffy fire 
Standard Industrial Qas&fcabon Caiegonas, Ip63-75._\A stxb commissioned specificaSy for this report] 

. • - * \ * 1 ' ' - * « 

See Tablfes 4-22,^ 4^3, anjl 4-24 in text *. A. . • - ; ' 



- * t 
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. 4 Table 4-15. U-S. patents granted, by inventor and 
\ daieof application, 1965-73 t 



4 



♦AHU.S. ToUjS, To foreign 

Year patents residents . residents, 

1965 ...... 54320 4Z189| .42531 

*f966 59.604 443S5> ^14,649' 

1967 59353 44,112 # 15346 

1963 62^66 45,2§0 17,616 

1969/«„.rT-... ,65.707 46,273 ' -l£429 

1970,.....—.- .©358 453^4 v 20,034. 

1971 w ©^33 45,263 * 20,670 

1972 62385 41304 \ 20,632 

1973 64,482 41357. \ 22525 



% 



SOURCE Office of Technology A^essmenf and 
Forec&gt U.S. Palest aixj Trademark Office, QTAF Special 
Report^ASi Technologies (May 1977), unpublished 

See Figure 4^28 in text _ 



TaWe 4-16. U-S- patents 4 granjed, by aatfgnee and dale of applcaflon, 196^73 ' / V 

' ' * ~ * ; ~"V ' > 

* " & " -Assignees ^ *"V- " 

• . r "7 — - * " * T ; . . ^- : 

VUI cofpora- l£S, „ . *' jikE 3 x : - „" _ v - " - r 

Year ' assignees tons government* yfdoafe* - 'FbceSgri* * " \ 

.19© A......!.:..-,.. 4Z139 30,143 « 1.423 10^475 » 143- . *^ - 

1966 44355 32,795 1*4$3 * 10,483 214 ?" , 

*" 1967 44,f12r 31382 -1351 # ^10/462 * j*17 . 

' * 1963 • 45259 . 32353 1383 ''10,440 _ 264 ^ " ^ - 

1969 ................. 45273 t^33355 # 1,786 10,332 ^ .305- * . 

1970 .45,624 * 32^04 - 1,534 , J\$&2 <s *286 J". 

1971 «... 45.263 .31347 . *1350 11314 2S7 / 

^1972 ................. 41.904 ^ * 29323, 1,474 10.293 . ' 2» ^-^ ^,^^ — 

1973 41357 " 29,435 * 1333 10376 , ^~207^ * r f ' ^ 

■ ■ — = — ■ — i — : — f ^ v . / 

^ -- 5 - 

- * Due to' U S- inventors « " _ V * » " * ^ * ~ - • , . ' 

* Comprises patents assigned to UiJ.'incfiv'iduaSs and unas^grwd patents. 9 ' K . . 

* Ctxnpr/ses paints ass*goed to fofe^n cprporatliw/govemfWTts, and iW>vifJua& 



SOURCE. Office of Technology Assessment and ^©recast Patent and Trademark 
Office! OTAF SfieaaJ Report— All Technok&es (May 1977). unpublished. 

See Figure 4-27 in text 



• - - - ^ . ^ . **- . » " - - 



Table 4-15. U-S. patents granted, by Inventor and 
\ dale of application, 1965-73 , 







Year 


patents 


1965 


54JS20 


*^966 * . » - . . . • y ^ • 


59,604 


1967 ........... . 


59.953 


1963' ...... .. .. . 


82£6S 


i969',.^.rr.._ 


.65,707 




. 65,653 


1 ^ — f . . . . . . 


65,933 






1973 ...... 


64*432 



ToU-Sv To foreign 
presidents ; residents, 

4£189* .*2B31 
44.955^ ^14,649' 
44,112 # 15346 
45.250 17,616 
46,273 ' -1£429 

45.^4 <. 20,034* 

45,263 ' 20,670 

41.904 \ 20,632 

41.557 , » 22£25 



SOURCE: Office of Technoiogy As^essrnent and \^ 
Forecast US. Patent and Trademark Office, OtAF Special 
R&poft^AB Technologies (May 1977), unpublished. 

See Figure 4^23 in text . ' . 



*( 



Year 



.1965 
1966 
*" _ 1967 

* 1963 
1969 



Table 4-16. US. patents* yranled, by assignee snd date of appfcatfoo, 1965^3 

: - ; : s * * - ^ ■ -r * 

" -Assignees , « 

- - . ~~ ili] " * t its. " i 7 "-. 

AS! corpora- US. w . imS 3 ^ : ' - 
* assignees tons Government" yfcfoab* 'Foreign 3 * 

42,189 30.143 * 1.423 
44.955 32.795 lj4§3 
31,332 
5259 „ 32J53 



10^5 
10.483 
1,551 # ^10^62 
1.633 T ' 10.440 



45273 < ^33.355 



1,788 



1Q;332 



214 ?" 

j>17 

264- 



< 



1971 .....w. 

'1972 ............... 

1973 ........ 



45,624 ♦ 32204 * 1«$34 . ,11*552 * -234 

45,263 31347 . '1,550 11,514 * 257 

41,904 ^ - 29,928, * 1,474 10,293 20# 

41^57 " 29,435 ' 1333 1 10.576 , ^207^ 



-0 



* Due to U,S- inventors * " _ V • * * ^ * * - 

* Comprises patents assigned to U.S^ndfviduai5 and unassigned patents. 
'.Obmpr^es patents asssgoed lo f Ofe^n corporations/ governments, and IMh><fe*ai$. 



SOURCE. Office of Technology Assessment and forecast U^i Patent and TYademarjc 
Office* OTAF SfSsc/a/ Report— Afj Technotp§4&5 (May 1977). unpufc&shed. 



. See Bgure 4-27 in text 
* 
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Tab* 4-17. (tootfmHHO- 



- ' > " - : - v Product ftekJ ~ 


- 1965 


1966 


1967 


1968 


19* 


1970 


1971' 


1972 


1973 






5.450 


5.133 


5.242* 


5.687 


5^05 


5258 


4571 


4.683 


" , 'Racfioaod television receiving ©quip- 
T nfent, exce# communication types ... - 
^Bectronic components and accessories 


- 789 i* 


861 
5,363 


835 
5.058 


845 
5.181 


956. 
5.610 


900 
5,443 


783, 
5,223^ 


; 787 
43&4 


*789 
4533 


Tran»orta^«^pcnent; except aircraft; < 
^'ano ordnance . . . 




2,577 


2520 


2,701 


aeoo, 


2,646 


£706 


2544 


£452* 



Motor vehicles and motor vehicle equipment 

- Guided rnissites and space vehicles' and * 
7> -.ports J -^.^ • 267 

- * Other transcortat^ ^uipmeot. . 802 

* Ship and boat building and repairing . — ,245 

Railroad equipment — 418 

Motorcycles, bicydes, 'and parts 79 

. Miscellaneous transportation equipment ^ — 433 

* Ordnance, except missies; and tanks «, 275 



1,143 1.280 J523 1; 



1,339 1,339 1,489 1.483 1579 



362 273 242 - 236 255 

985 871 1^89. 1,04^ 1,019- 

321 310 '375 339 328 

527 438 530 ' . 532 507 

71 1 €2 80^ 92-79 

490 405 535 ^29 , 537 

288 325 '372 343 J 349 



220 192~ _209 

969 881 892 

329 280 2* 

451 444 .416* 

68 £5 76-^ 

505 440 ' 458 f 

345 * 271 * 241 * * 



670 680 807 



Aircraft 3Pd parts' — , 5^5 

' Professional and scientinc instruments. - , 4 . 

except «*ectrk^me^n^insVufnents -4.491 _ 4,585 4.701 '4501 <992 5.061 5,150 4536 4579 4 



758 



719 1687 ^62 



Patents due to VS. inventors, based on original references in Patent Office fiies\ * . J_ * 

NOTE: DetaH may not a$d tojotals because of multiple counting" ^ fc _ ; 

. SOURCE Office ofTecnrto»og> Assessment ana fotecasl, Patent and TrademarxOffcce. &% P&$fit AcUrify p* WtyJ wjs 
Standard industrial Classification Categories. ; 963- 75. t A study commissioned specifically for tn*s' report) fl 

See Bgore 4-28 in text 
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Table 4-18. Distribution of major OS- Innovations by of company, 1953-73 



Size of company 





, - ' %' 

Period " fjm 


Total 


Up to • 

100 . : 
employees 


i 

100-1500 
empoyees 


150O-S5j| 


> 5.0QO-10.000 
I employee's 


10,000 
* or mom " 
employees; 










Percent distribution 










toe: 


23 

• 


24 
\ 


- '13 


* * * 






*** ' 19557-73 * 


100 
100 
100 

* 


23 

27 , 

20 

"4 * 


26 

/23 , . 
23 . 


- . 14 -\ 
"14 * 
12 
< 


5 * 

.3 


. ,^ .29 • 
A 3t- 








** 


Number of innovations 








. * 1933*73 •*#*»»••* v' r * *■ 


310.- . 


72 


75 


41 . 


16 


105, ^ 




1967-73 /... r .....„. 


" KJ2 
* 107 
101 * 


23 

, 29 


27 
25 

23 ' 


14 
15 > 
* • 12 


* -8 * 
• 5 

3 ' < 


30 

. ' 33 
43* 



* 4' 



NOTE:,De!aif may not add ? to totals because of rounding. 



SOURCE. Gediman Researcn Associates, inc . fnOfcatots oi iniamattonai 7 tends *nJe<JihofbgtcdUnrKtta!fon. *97€ based 



See- Figure 4-30 and Table*4^1 in text 

- * » • 
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TaW* 4-19. OittrijKiUon of major U.S. InnoviUon* by industry group, 1953-73 

_ ~ " '-: - ^ "* -' Map'ufa^onng indi^tries . -' 
. - - , (R&d mteaslty groups) 1 , 

. - ^ ^* • * * < Nonmanufacturihg 
'Period, Total . group I Group!! Group iy industries 2 

-- :.- ----.*''- Percent distribution * r * 

1953^73 100, " 59 Z\ "9 * ' , 0 \ 11 

r '1953^S9 ... ^100 / 40 , 25 16 -12 - * 

1960-66 -100 64 " 19 - , & - 12 , 

* 1967-73 ... * 100 63 \ 7} ' - .8 ^8 

. * Number of innov^Kghs '/'- ' ' 

1953-73 ..... t /3T0 iii 66 -3f 

1953-5$ J*. . 102,* - . 49* : . 2S / * >16 , ^^'l£* m , 
1960^68 „\ 10T ' 69 % / 20 5 '13 

. 1967-73 . A 101 64 -21 8. ' 8* 

~ : - . ; ' i ^ r— H 

1 See Figure 4-17 and related text for an explanation of these groups, ? 

7 Limited to those noomanufacturing industries reporting significant levels of R&D. - 

'NOTE' Derail may not add to totals because of rotpding, r ' " \ 

SOURCE Gellrnan Research Associates, inc.' indicators *&1 toternationat Trends in 
Technological Innovation, 1976, based on Appendix D. 

See figure 4-32 4r> text /. 

„ . Table 4^0. Major US, innovations toy industry, 1953^73 

f 2 h ' 

* ^ / , Number of Percent of 

j ». ^ .y Industry * tnnovatfons total 

Total", ; 1.... " 310 * joo 

Manufacturing industries ........ , 277 * 89 

Bectocateo^pmentarid comrnuoication 53 17 

Chemicals and allied products * . - v . 45 - 15 

Macjhjnery /. 44 14 

Professional and scientific instruments f*29 9 

Stone, clay, am/glass produces *-.-•-«- • • 18 # 6 

Motor , vehicles and other transportation equipment . • 18 "8 

, Primary medals m Al 5 

* Rubber products .....! , ... * 15 5 

-Aircraft and mts&Jes . % 11 4 

" '^Fabricated metal produc^ , K) 3 

Petroleum refining and extraction , 5 - 2 ' 

Textiles and apparel „ 4 "1 

Paper arKfaJfiediprpducts ...^ .... 4 1 

Food and kindred products 2 - 1 

Lumber, woojd products, and fumtfure 2 1 

Nonrnanufactuiing industries / 33 11 

*• - 
NOTE Detail may not add to totals because of founding. 

t SOURCE. Gellman Research Associates. Inc. Indicators of International Trends m 
Technological Innovation. 3976. based on Appendix 0. 

See Figufe 4-33 in text . \ - 
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TaWe 4-21, Estimated radfcaines* of major OS. Innwatfon*, 1553-73 - ' ^ 

~ " ' * * ~ ^ . ^ _- ^. 

~ t *"*" _ " " * ^ 1953-73 - - 

Radicalness classification « period 1953-59 1960-68 1967-73 

- „ • r- Percent distiibujk>n <; - : 

Total ,100 -100 100 100 

. ^* * • ■ ~ * 

Radical breafctfirough * .\ * 26 36 ^* /"26 y 16- 

, 'M^ortecfirtoJogicaJ shift 23 _ 17 31 35 

Improvement : 33 * 39 37 * 40 

Imitation or no new technology 3 S v & , W \ 

. Number of innovations . 
Totar : ...J.; t ./, 250 94 81 

Radk^J breakthrough V_ 64 27 24 j 13 _ 

MajortgchnoJogicaJ shift \,.* av .. 70 13 29 23 

improvement . 96 -29. 351 32 ^ 

* Imitation or no netf technology » *20 6 & & 

' — 7/ 3 — — ; ^ * 

NOTE: Ttetaii may not add to totals because of rounding. - a ■ 

\ ; •' - 4 

, SOURCE. GeJlman Research Associates, fnc„ indicators of International Trend* in 1 

. Technological Innovation^^^ based on "Appendbt Ci; ** * ' j 

See figure 4-36 in text »\' * - 

< ?: v * " ' / 

* * • ' * ' 

. - * * * 

V - 
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295 
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Table 



4-22.EtttrtiSed racflcalnew oi major U.S, innovations 



by Industry group, 1953-73 



Radicawe^da^fteUonr 1953-73 
' and industry group , period 



1953-59 1960-66 1967-73 



v- " 



: 

Percent distribution 



Manufacturing industries 

• GrOUP 1 ? * . mZm\ ~ - 

* Radical breakthrough ....^*;%^. 

: MaJc^techrK^lcat shift 

^ Improvement-^ 

Imitation or no new'technology , * . .v/ 
Group II ... .... 

Radical breakthrough ... 

- Major technological shift : 

Improvement . 7 

Imitation or no new technology : 

Group III - 

" Radical breakthrough \ ^. 

Major techrK>togical shift .... .... 

Improvement ........................ - 

Imitation or no new technology 

Nonmahufadutring industries 

Radical breakthrough ?. : v 

* Major tecj^log^c^snlh^ 

Improvement -.^.UJ^. - 

Imitation <or. no new technology ...... 



^90 



100 




r 83 
^63 
r - 19 
22 
.20 
1 
20 

- 7 
*3 

* 5 
1 
1 

: . -3 

- o- 

• 1 

" 2 
8* 
2 



100 

:•§ ' 

* 2T 

* 23^ 

5 X 
21 

6 ^ 
5 - 

. 2 
10* 

5 

7, 
1 

1 




dumber of innovatipns; 



Total 



* Manufacturing industries' 

. C?roup I ...... .v.. ...... 

Radical breakthrough 

* ' Major tephfcoIogicaJ shift ,^ . . 

Improvement ♦ * * 

Imitation or no new technology 
Group II ................. . . . .5. .... 

' Radical breakthrough 

Major technology shift 7 

Improvement 

Imitation or no new technology ,.««-.« 

Group III ,7~_....J 

m Radical breakthrough^ 

^ J^ajor technological shift* 

Improvement » v. 

Imitation of no "new technology ...... 

tipnmanuf acturing industries !*....«*.../.. c 

* Radical breakthrough „ * 

. Major technological shift 

. Improvement, ...... ^ 

Imitation or no new technology ! 




WTJBjSetail 



25 

4 
11 

3 



0 

1 
2 
"0 



94 < 

83 % 
.59 - 
18 ^ 
21 * 

•1 :'• 

■n 

- 3f _ 

* 3 
-5 
1 

11*: 

- i 

v 2 



50 ; 

/S- - 
22. 

1ST- 

4 

'17 

6 
2 
3 

2 * 
1" 

' 4 

6 
1 
1 
3 

: 1 * 



-!'- 



■ * 



> * 



may not add to totals bocause'of rounding. 



SOURCE. Gellman* Research Assocr^Jes, Inc., indicators of totemationai*Treh&$_in 
technological pinovaUon, 1976. based on Appendix D. f * 



See Figure 4-37 in "text 




271 



-ERIC 




Table 4-23. Source* of techndogyjinderiylng. t 
N ' mijor US. Innovations, 1953-73 







*Percent^>f 


Source % 


Frequency' 


innovations^ 




225 


89 




215 


85 




10 


4 




122 


48 


Internally generates* — 


91 


36 




31 


' 12" 




83 


33 




.. % 13 


5- 


Purchase of patent- 








-'• A 


2 




• y 141 


0 . 




56 


Other r. 


36 


-14 



♦ Multiple responses were acceptedi'254 innovations are 
included ^ - 

2 Wholly or-partty internal, * , * 

a From an existing product of the same company. 

SOURCE: Gellmap Research Associates, Inc. Indicators 
of International Trends tn Teqhnological Innovation. 1976, 

baseo on Appendix D. 

- - . / 

_ See "Figure 4-38jn text 



Table 4-£4. Sources of technology underlying major U*S." 
rnnovfrlions^y Industry group, 1953-73 



j/anufacturing industries 



Source of underlying 
technology 

»' » < 

TotaJ 

Applied research ......... 

, , internally generated' ... 

External only .......... 

Basic research 

Internally generated' ... 

External only 

License 

Acquisition or merger .... 
TwhrK>logy"trarJSfer J ..... 
Co/porate R&D activity . . . 
Purchase of patent or 

"know-how? 

Other r. 

Total 

0 

' Applied research . ;.,..„. 

- 'Internally generated' . 
Ext.emal only .......... 

Basic research 

"'" Internally generated* zr- - 
^ ExternaKonfy 

License 

Acquisition or merger 

Technology transfer 7 * 

Corporate R&D activity. 

Purchase of patent or 

•^now-how* 

. Other .««... a T 



Total all 
industry 
groups 



Total 



Group I Group ii Group I 



Percent of innovations in each group 



Nonmanufactunrig 
industries \ 



P) 


P) 

i 


P) 


P> 


P) 




V) 


89 


90 


9r 


85 


87 




* 

80 


85 


86 


88 . 




74 




76 „ 


4 


4 


3. 


2 


13 




4 


48 


48 


53 


39 


34 




52 


36 


'-35 


40 


, 23 


17' 




44 


T2 


- 13 


13 


* 11 


17 • 




. 8 


5 


. 5 


5 


* 7 






4 . 




0 


0 


0 


0 




0' 




33 


36 




22 




28 


56 




58 


59 . 


65 




24 
















2 


* . 3 


3 


0 






- 0 


14 


15 


-• 14 


13 


22 




- 8 



254 

225 
215 
10 

> 1^2' 
91 
31 
13 
0 
83 
141 

6 

36T 



229 

205 
. 106* 
9 
109 

(P 29 

12 
0 
76 
135 



34 



Number of fn novations^ 



152 

139 
134 
5 
80 
61 
19 
8 
0 
54 
88 

5 
22 



54 

. 21 
15 
6 
4 
0 

*W 
32 

* 0 
7 



23 

2b 
ti 

3 
8 
4 
4 
0 
0 
& 
15 

1 
5 



25 , 

19 
1 . 
13 
11 

1 
o 

7 
6 

0 
2* 



' Wholly or partly internally generated, e 1 ^. 

* * From an existing product of the s$m% company. ' " ; 

* Multiple responses were accepted, therefore these columns add to more than 100 percent 

SOURCETGeflman Research Associates, inc .*ndn,aivi s u/ miei nauona* Trends in Tecnnoiogioai innovation, l976.oa>eo-^ 
orvAppendix b. * • . V - M 



See Figure 4-39 in text 
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TaWe 4-25. Sources ot underlying technology and estimate* radJcahfess 
t , : 'of innovations,;! 953-73* * , „ 



Radicalness classification 



Source <5f underlying 
technology 



Radical 
break- 
through 



Major 
technological 
shift 



Improve* 
rnent 



imitation 
or no new 
technology 



> 



Total 



Applied research 

Internally generated^ ... 

External qnty 

Sasx; research 

Internally generated ... 

External only 

License*. ... 

Acquisition or merger . „ , 
Technology transfer 
Corporate R&D activity . 
Purchase of;patent 

or "know-how" 

Other 



Tpiai . . 

Applied research , 

Internally generated* 
* External only „ ... 
Basic research 
/ Internally generated* 
External only 
License . . . 

Acqutsuion or n;erger 
- Technology transfer . . 
^CoYporate R&D activity 
Purchase of patent 

or "know-how" . „ . 
Other . . 



Percent of innovations in each radical ness category 











H 




n . 


n 


86 


V 

93 


91 


60 


81 


87 


88 


60 


5 


6 


3 


0 


66 ' 


46 


44 


20 


• 47 


39 


31 


10 


19 . 


. 7 


13 ' 


10 


3 


7 


6 


0 


0 


0 


0 


0 


23 


33 » 


'38 


25 


v 2 


57 


60 


25 
• 


5 • 




2 


0 


14 


13/ * ; 


. 9 


40 


Number of innovations 


64 


70 


95 


20 


55 , 


'65 


87 


12 


52 


81 • 


84 


12 • 


3 


4 


3 


0 


42 




42 


4 






39"' ' 


2 


12 


5 


12 


Z 


' 2 


5 


6 


0 


0 


0 * 


0 


• 0 


18 


23 


36 


5 


33 


. "40 


'58 


' 5 


3' 


1 


2 


0 


9 


9 


9 


, 8 



9 * Based on 250 innovations * .* : 

* < WhoUy or partfy internally generated. / / 

From an existing pro6vc\ of the .same company ^ /- 

* Multiple responses were accepted, therefore these columns add to more tha/i 100* 
-percent ■ ' , // 

* SOURCE Gellman Research Associates. Inc . Indicators of totematt'onaryr fends m 
Technological Innovation. .3976. tfosed on Appendix D % * // 

- ■ ■ • / %m J 

* • See Figure 4-40 in text . . * / / 



Table 4*26. Mafor U,S. Innovations assisted by public, 
1 m grants or contracts, b/indujiry group. 1953-73 

■** f 

ilblic f ^ K 



- ff 



-Industry group 



Total 

Manufactunng industries 

Group! ..\ 

Group!! 

Group ii! # 

Npn m a nu facft nng^ * 
industnes 



Total 

Manufactunng Industries 

Group! ... . 

Group!! 

Group If! 

Non manufacturing 
industries . . . 



Public 
Total * funds /Urate 

Percent dtstnb/ t ion ' / 

78 ' / 



10Q . 


22^ 


100 


2t i 


too 


24 i 


100 






1#. 



Soured 



Same profit center *#iat • 
produced tnno^itton . „ 
Sacie enterprise but not 

same probi center 
Independent inventor 
Government laboratory .] 
Government puWtcajiOn 3 
Professional/scientific ' 
"publication ........ 

University . . , 




\ 



SOURCE Gellman Research Asooates, Inc , Indicators 
of international Trends tn Techn<SpgicaJ Innovation] 1976. 
based on Appendix O 

See Figure 4-41 m text 



Table 4-27. Sources otSnventrbn underlying 
major U,S. innoitiofts, 1953-73 



, Percent of 
Frequency innovations 



152 


62 


59 




46 * 




13 


S 




0 


5 


2 


19 


> 8 



* Multiple responses were accepted. 246 innovations aro 7 
included « * , 4 

SOURCE Gejj/nan Research Associates, Inc . indicators 
of IntemaUonarTrends tn*J echnofogtcal Innovation, 1976. 
based on Appendix O f 



/ 



/ 
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See Figure 4-42 in text 
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Table 5-1. Annual average percent chances in science 
and engineering employment compared to 
other economic and manpower variables, 1950-74 



Indicator 



Scientists and engineers combined 

Scientists . 

' Engineers^ ^ . A # . . 

Nonfarm workers* . . ^ . 

GNP* .? 



FRB 5 Index 



• 1950-74 
pertcd 


1950-63 


1983-70 


1970-74 




4.6 


N 66 


3.2 


0J 




5.3 * 


7.0 


4.8 


1:4 — - 




,43 


65 , 


23 


0-3 




2.3 


1.7 


3-3 


23* 




33 


as 


3.8 


3.0' 




4.3 


4.2 


4.9 


4.0 * 





1 Nonfarm wage and salary workers. ^ 
, ^l-<*xop National Product {in constant tf72 dollars). 
5 Federal Reserve Board Index of Indusmal Production. 

* * * -. 

' SOURCE- Bureau of i_abor Statistics, unpublished data, and Executive Office of the 
President Economic -Report of the Prosftient. 1976, 

See Figure ^! in text v. * 



Table 5-2. Scientists aod-eoglfveer>^mpk>yed^ln-unhfer»^t3tt - 
and colleges by field of employment, 1965-76 



* <. ■ ,- 

Field of employment 1965 1967 1969 r 1971 

All scientists ^ , 

and engineers ................. 178.904 212,855 231.756 

Engineers ......... ............ 21,681 25,253 25.?37 

Aeronautical and 

astronauticaJ ......................... 1.127 1,360 1.357 

Chemical ............................. 1371 1.565 1.735 

Crvil .................. 3.145 3.660 3.894 

ElectncaJ ..- 5.478 6363 6.803 

Mechanical' ....... 4.108 *.633 4,812 

Other engineers 6.252 7.467 6.786 

Physical scientists . .t. ................. . 25.485 31,354 33.693 

Chemists : . . . .' ...... . 10.684 12.961 14,201 

Earth scientists' 4,005 5.111 5349 

^tysicists 9.132 11.127 11.766 

Other physical scientists 1.664 2,155 2.182 

.Mathematicians and * . 

computer scientists .~ 13.680 17.776 22.495 

Ufa-scientists 75.775 87*347 97.206 

Agricultural : 13307 14.950 15.150 

-Biological ... 24.281 27.419 29.257 

Medical 37.987 44.978 " ~52.799 

'Psychologists 9.430 11,358 14.780 

Social scientists* . . . . 32.853 39.767 38.190 

Economists 7.932 . 9.662 10.4TJ£ 

Sociologists 6.261 7358 9.451 

Political scientists 5.919 7.190 7.919 

- Othef social scientists 12.74? 15.357 10.4JB 



. 'January 



1973 

— r~ 



1974 



1975 



1976 

— 



257.904 265.203 269,265 280.635 289,204. 
27.13a 27530 27.147 27.845 28.296 



1.469 
1.843 
4,129 
6.885 
5,387 
7,41 Z 
35,943 
H6B8* 
6300 
12.195 
2.550 

24348 
110,274 
18.039 
31308 
60.427 
16.606 
43.203 
11.263 
11.323 
, 8.938 
11.679 



1,480 

1.761 
?4.487 

6.941 
*5.t88 

7,673 
37.150 
15.236 

6.935 
12.184 

2.745 

24.770 
112,667 
15,278 
33.629* 
63760* 
18,876 
44.215 
11.376 
1Z483 
9.704 
10.652 



1,191. 
1J24 
4344 
6.475 
4.959 
8.254 
38.214 
16.063 
7.627 
12.135 
2,389' 

27.096 
11 UK 
133T9 
35.723 
^61.972 
19.962 
45.532 
12,045" 
13.000 
10.005 
10.482 



28.414 
115.254 
14.627 
38.192 
62.435 
21.665 
48.775 
12367 
14.230 
. 10.555 
11.323 



1.127 
1,833 
4,995 
6.915 
5.290 
8.136- 
39.959 
16393 
8,462 
12.240 
2364 

29.798' 
115.723 
14,154 
39,734 
61.835 
22.857 
52,571 
13.170 
15.159 
1*309 
12.933 



* 1ncludes atrnosgheftc scientists and oceanographers 
? Excludes historians 



SOURCE. National Science f oondaUon. Manpower Resoutces loi Sc4enuUc Achvthes at Universities and^Coll&ges. 
January 7976. Detailed Statistical Tables (NSF 76-321). p 1 * - 



See Figure 5-4 m text 



Tible 5-3. Scientists and engineers employed In universities ** 1 

_ and coiieges by level attainment, 1965-76 * 

_ * • : • . - ; ^ ~ ' • ■ i • 

^ * Level of * I v ^ * * 

attainment 1965' -3367 1969 1971 1973 1974- 197$; 1976 

• Tottf. ...I..... 178.904 212.855 231J56 257,904 265.203 269.265 280.636 239,204* 

PhJXandSca 74.278 83.876 100.790 116.052 124.801 130.961 l36,8iD J 39,936 

Ed.D.andJD J '...„... NA NA NA NA ^NA ^. NA N& 4,371 

M.a"and O.D.S. .• 33.524 38.695 ' 41.734 46329 47,070 43.803 * 44.556 45.113 

i Master's 52-330 63.16V 65,720 71.364 68.908 71.1*62 7479JV 75.490 

Bachelor's or equrvatent 13,722 -22,123 23.512 23,959 24^29^23^39 24 » 4 ?E 24,294 , 

* " " ~ l ^ M, * , 

' Full-time and part-time as of January /c ;/j 

SOURCE: National Science Foundation, unpublished data * j 

" See Figure 5-5 in text ■ % ^- f — 

' - : ■ . I 

- • 

Table 5-4. Academic scientists and^ engineers 
- - by primary work activity . 1965-76 _ ~ 9 

< - - • . h * ; 
I 

T! * 

Primary # / . 
* work activity 1965 1967 1969 1971 1973 *1974 / 1975 1976 

Total* 178,904 21£855 231.756 257,904 265.208 269.265 250.635 289,204 

Teaching * 121,991 147.846 160.781- 184.966 199£33> 207.13$. 215.776 222.216 

Research and development 40.003 44.603 47.118 48.268 46.634 47.375 49.975 * 50.994 

Other activities 16.910 20.406 23.857 24,670 19.491 14J52 .14.834 14.994 

"full-time and part : time as of January # * 

SOURCE. National Science 'Foundation. Manponet Resources iot Scientdiq Act*v*t*es at universities and Colleges. 
January 1976, Detailed Statistical Tables (NSF 76-321), p 1 , . 

See Figure 5-6 in text ' * , ' 
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Table -5-5- Tenured faculty a* a percent of full-time 
faculty In a sample of doctorate-level science and 
engineering departments by selected fields, 1974 



Total 


^-Numoer 

With 


Percent 
with 


•faculty 


tenure 


tenure 


23.633 


^,051 


70 


891 


, 7f9 


81 * 


3.3S6 


* 2.607 


78 


2.032 


1.61 A 


77 


636 . 


49l\ 


77 


O.UDO 


O ICC 1 


77 


' 1,145 


* . 858 


\ ^ 




650 




iJH- 




\ 69 . 


£020 


1.352 


\ 67 


4054 


2,721 


\ 67 


T^6 ' 


-_597 


\ 66 




784 




2.917 


1.836 




1.781 


1.066 




1.032 


640 


^ 59^ 



V 



Selected fieJds 



All science and 
engineering fields 



Chemical engineeggg. 

Physics {77:., 

Electrical engineering 

Botany ...... 

Chemistry 

Geology 

Zoology 

Biology 

Economics , 

Mathematics . . , , 

Biochemistry ........ 

Microbiology 

Psychology 

Sociology 

Physiology 



SOURCE National Science Foundation, Young and Senior Science and Engineering 
Faculty. 1974 Support. Research Participation, and Tenure (NSF 75-302}j>p 20. 24. and 
unpublished data x s ^ 

See figure 5-8 in text • - + m 



Table 5-6. R&D scteqtfsts and engineers 9 employed in selected industries 
• by source of support/ 1967 and 1975 

• * 

[In thousands} 



Total 



Federally 
supported 



Company- 
supported 5 



t Industry 


1957 


1975 


'1967 


1975 


1967 


. 1975 






(PreU 




{Prefl 




(PreO 


Total 


3672 • 


357 5^ 


1613 


108 3 


2059 


2*9 4 


Electnca* equipment and 












communication . 


... , 936 x. 


91* 


519' 


376 


467 


53 8 * 


'Aircraft and missies 




668 ' 


803 


45 5 


201 


213 


Machinery 


44 


7'vS 


* 64 


258 . 


330 


Chemicals and allied 


. 














369 


43 4 < 


36 


27 


333 


407 ' 


Motor viehicfes and * 


* ♦ 












other transportation 
















. - *25.2 


27 0 


64 


3 7 


18 8 


* 233 



* FuN-time-equivalent basis as.of January • * ■ - ; ' 

7 The distribution by source of support Tbt- the individual industries is estimated for 1967 

* Includes afi non-Federal sources of support , J 

SOURCE National Science Foundation, Research and Development m industry. 1974 
{NSF 76-322). pp *4^46. ^ " - ' 

See Figure 6- 11 in text 
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. Table 5^7. Proportion of time spent in research by full-time c 
doctorate' faculty virf^lectetfscience and 
engineering fields at a sample of institutions, 1975 



Percent of faculty by 



r » 
* 


Numjjer 




proportion of time in research 




of 


Number 


20^s or 


From OCfib* 






depart- 


of 


more 


to 60S 


than 50% 


Selected fields 


" ments 


faculty 


of time 


of* time 


of time 




.1.149 


-23 720 - 


84 


46.- 


38 


Biochemistry 


- . % 66 


850 


95 


26 


69 - 




. - 72 


1313- 


*85 




3T 




35 


555 


83 






Chemical 














68' 


679 


81 




28. ~; 


Chemistry ; 


\14 


2633 


' 86 


40 


46 




80 


* 1822 


78 


* 53 


25 


Electrical 
engineering 


72* 


1371 


% 73 * 


45 


28 


Geology" ... 


66 


930 


87 • 


58 


29 


Mathematics ,„„, 


1Q2 . 


3.414 


80 


52 


^ 23 


Microbiology ...... . 


73 


835 


91 


38 


52 


Mimng and mineral 












' engineering 


15 


192 


72 


43 


30 


Physics ...... : 


106 


'2 923 


91 


31 


60 


Ph^Sfplogy . v 


67 


1022 


93 


28 


65 ' 


Psychology ... .... 


100 


2.4S3 


34 


60 ' 


24 


Sociology 


77 - 


1418 


78 


5CT 


28 


Zoology . 


. 36^ 


- 775 


83 


62 


21 



SOURCE Frank J. Atelsefc and Irene L Gomberg, Faculty Research Level of Actwty and 
Chotce of Area. (Washington o C American Council on-Educat*on. 1976), p 12 



See Figure 5-12 in text 



* Tap/ 5-8. Young 1 doctoral faculty Investigator** 
as a percent of alt doctoral faculty investigators 
'in a sample of doctorate=g ranting institutions 
by selected-Gelds, 196£an<M974^ - • 



Selected fields " ■ 1968 1974. 

Total ...-..-..r...; : 44 30 

Biochemistry 33 19 

Biology 33 1 28 

Chemical engineering^. . 39 24 

Chemistry 38 22: 

Economics -. 46 - 35 

Electrical engineering .1 — 53 z9 

Mathematics 55 38 

Microbiology 32 22 

Physics 42 20 

Physiology 36 * 28 

Psychology » 45 * 40 

Sociology' 48 44 



^ 1 Those who had he*ld doctorates seven years or (ess at 
the time of each study. 
7 Spending 20 percent or more of tiieir time In research. 

SOURCE; National Science Foundation, Young and 
Senior Science and Engineering Faculty, 1974: Support, 
* Research Participation., and Tenure (NSF 75-302), based 

oop 28. - y 

See Figure 5-t| in text. * / 



Table 5-1 (L Distribution of employed doctoral scientists 
and engineers by employment sector, 1975 4 



, All doctoral 
scientists *: 
an engineers 

Number Percent 2 



Doctoral 
* scientists' 



Doctoral 
engineers 



Employment sector 

«• -.Total ..... 

Business and industry t — 

Educational institutions ........ 

J-our-ye^ colleges 

. and universities .? 

Two-year colleges , 

Elementary and /\ 

secondary schools 

hospitals and clinics' — . . 

Nonprofit organizations 

Government 

Federal?..... v ....... 

.State . v — 

Other .* 

Other employment sector* ..... 
Employment sector unrep"6rteo* 



1 includes 94 scientists 1 or engineers whose field is unknown. 

2 Excluding those whose enjploye^was-unfeporteo^ 

* includes the military and the Commissioned Corps. of the Public,Health Service. 
4 Lessihan 0.5 percent 



Number • Percent 2 Number Percent 2 



262,411 


100 


219,055 


10U 




irih 


65,876 


25 




Of) * ' 




52 


153,249 


58 


137.943 M 


03 v 


15.306 


as * 


147.633 


56 


132.504 


tfl 


15.129 


35* 


3.674 


1 


3,497 


2 * 




« 


1.942 


. 1 ' 


,1.94* 


*" -f* - 


«> 




7.586 


3 


'7,562 




* 54 






.3 


7.277 


3 


1,233 - 


3 


26.755 


10 


- 22.538 


10 


4.217 


10 


21.634 


6 


17,855 


8 


3.779 




3.110 ' 


• 1 


2,884 


• v" 


227 


1 


2.011 


1 


1,800 


1 


211 




86 


PK 


86 


( 3 ) 


41 




349 . 




• 308 






. . / ' ' 



NOTE: Dejall may not add to totals because of rounding x \ 

SOURQ& National Science Foundation. Characterises of Doctoral Scientists and Engineers in the United States. 1975 
(NSF 774309). pp. 38-41. • - . • . * ' - 



See Figure 5-17 in text. 



Table 5-11. Doctoral scientists and engineers 
by age anAtype of employer^ 975 



Business 
and industry 



Four-year colleges 
and universities 



- FfetJeraF ' 
Government 1 * 



Age 



Total v ^*65;S76 

Under30 

30^34 * * 

35-39 .\. 

40-44 

45-49 * 

50-54 v .... 

55-59 

60-64 

65 or over * — e . 

No report . 



Number * 


Percent 


"^Number 


^ 65.876 


'100 


147.633 


^2.129 -A 


3 ■ 


. 5.772 


15,117 ■ 


£3 


• ' 50.862, 


" 14.113 . 


21 


30,903 ' 


10,274 


16 


23,687-.- 


8.090 


12 


19.833^* i 


* 7,476 


in 


16,146 * 


: 4,610 


j 


10.774 " 


.2,734 


* V 4 


6.461 


1.224 


2 


3.094 


109* 


"(*)• . 


101 



Percent Number ^Percent , 



100 .V 


21.634* 


100 




* T73 


4 


21 


4.121 


19-r . 


Vr2t - 


4.734 <± 


22 - 


16 


3J646 


. 17 K 


% 13- , 


3.0311 . v 




ir 


2,398- 


* 11 


7 


< 1,533 - 


7 


4 


\ 953 ' 


: 4 - 




382 


. 2 £ 


(0 


• 13 


P) * . 



1 Includes tjie military and the Commissioned Corps'. * ; * ~* 

2 Less than 0.5 percent ^ f ' v 

, NOTEr-Detail may not add to totals because of rounding. * ^r.f 

SOUR'CE National Science Foundation, Characteristics ol Doqtorat Scientists and Engineers n the UniTeM States W5 
« (NSF 77-309). pp. 38-411 ^ " . - ' 4 



See Figure §;?9 ta text. 



Table 5-1(1 Distribution of employed doctoral scientists 
and engineers by employment sector, 1975 * 



1 * Employment sector 

-.Total »••*< 

Business and.fndustry t . . . , 

Educational institutions ....... 

F.our-y^ar colleges 
and universities .? 

Two-year colleges 

Elementary and / > 

secpndary schools , 

hospitals and clinics' -. 

Nonprofit organizations 
Government 

Federal 

.State 

Other .* 

Other employment sector 

Employment sector unreport e$ 



Alld&doral 
scientists 
an^ engineers 

Number Percent* 



Doctoral * 
» <» scientists 1 

Number * Percent 2 



# Doctoral 
engineers 

Njmber - Percent 



••v*:* 



262,411 


.100 


219.055 


'100 




irtn 

1 w 


65.876 


25 


43,o4l 


Oft ' ' 
cu 






153,249 


58 


137,943 M 


CO 


1 c one 




' 147.633 


56 


' 132.504 


ft 


15,129 


35 


3,674 


1 


3.497 


2 • 


J 77 '? 


« 


1,942 


1 * 


.1.94* 


' A 9 


* - „ 




'7.586 


3 • 


' '7,562 


*a 


* 24 


P), 


" 8,5.10 


.3 


7.277 


3 


1.233 - 


3 > 


26,755 


10 


• 22.538 


10 


4,217 * 


10 


21.634 


.* 


17,855 


8 


3.779 


f 9 


. 3,110 * 


1 


2.883 


• \~ 


227 




> 2.011 


1 


1.800 


1 


211 




86 


PI - . 


86 


« 






349 . 




■ 308 




41 




. / ' *.. ' 



1 Includes 94 scientists or engineers whose field Is unknown. - • * 

2 Excluding those whose en^pJoyef^as-tmrepotfedv- T * • 
* Includes the military and the Ccfmrmssiorfed Corpsof the Public, Health Service. * 

4 Less ih an 0.5 percent * " " 

*"-.'■ - • » * ' * 

NOTE: Dejrfil rn^y not add to totals because of roundvng. t v 

SOURCE. National Science Foundation. Characteristics of Doctoral Scmntkts and Engineers In the United States. 1975 
(NSF 774309), pp, 38-41. - • " ' * - 



See Figure 5-17 in text. 
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Table 5-11. Doctoral scientists and engineers 
by age and type of employer*; 1975 



Business 
and industry 



Fdur-year colleges 
and universities 



Ffe^er^r ' 
Government 1 * 



Age 



Number * Percent ^Number Percent Number ^Percent 



Total . 
Under 30 . 

30^34 

35-39 ..... 

40-44 

45-49 ..... 

50-54 

55-59 

60-64 ..... 
65 or over 
No regort . 



^ 65.876 
^2.129 
15,117 ' 
14.113 
10.274 
8.090 
. ' 7,476 
=■ 4,610 
. -2.734 
1,224 
109 ' 
1 



'100 


147.633 


100 i\ 


21,634 s 


100 


3 • 


. 5.772 




* 773 


4 


& 


' " 50,862. 


. 21 


4,121 


19 - 


21 


30,903 


y 2t - 


4,734 ^ 


22 


16 


23.687-.- 


16 


3J646 l " 


. 17 


12 


19,833^ i 


"13 


3.0S1 - v 


14. 




16,146 * 


11" 


2,398- 


* 11 


7 


10.774 " 


7 


1,533 - 


7 


V 4 


6.46? 


4 


i 953 ' 


: 4 


2 


3,094 


<r 


382 ' 


, . 2 


(*)* . 


101 


• 13 ,. 





1 Includes tjie military £nd the Commissioned Corps: «. * 

2 Less than 0.5 percent ^ \a . v *' t ' x 

, NOTE^Detail may not add to totals because of rounding. ' • „ - • . 

' . - - * • # / . * t= ' 

SOUR'GE National Science Foundation. Characteristics of Doqtoral Scientists and Entfneers n the United States 1975 

i(NSF 77-309). pp< 38-41 ; ^ ' . ^ ' ' ' u 



See Figure fe?9 m text. 
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* fable 5-1£,Per*enf iflstributlort of employed doctoral 
scientists and engineers by primary work feclivl ty, 1973 and 1 975 

1 . * 



-Primary work activity 1 

Total 

. Research and development . 

Basic research ...r 

Applied research f . * 



Development ... 
Management or atfj 

Other tfran'B&p 
Teaching ....xl., 
* Other * 



75" 



-* 


* 




T973 


1975 * 


100 


- 100 




33 






15 


• 15 




14 


f 3 * 




^ 4 






-19 


21 




11. 


11 * 




• 8 


- 9 




39 


37 




9 


10 / 





^Prima'ry work activity is defined' as that type of work 
occupying the largest portion ot time. . . 

" * • * , V ji - 1 

fclOTg; Percents may not add to 100 because of rounding. 

> 

SOURCE National Science Foundation, CharacterisUcs-of 
Doctoral Scientists and^Engifteers in the United States, 
11975 (NSF 77-309). based on pp. 44-47 and unpublished^ 
data. 



■See .Figure 5-20 in text 



Table 5-13. Distribution of employed doctoral scientists 
# * ' arid engineers by primary .work activity,* 1975 



All doctoral 
scientists* 



Primary work activity 1 * 

* Total . 

Research & development 

Basic research .^.] 

Applied research . r 

Development and design 
Management oK administration . . 

Of R&D- ?. 

Other than R&D 

Both v.../..' 

eaching » 

Consulting ..T. , 

Sajes . \ 

Other primary wdrk activity . ^ . . . , 
Primary work activity unreported 



and engineers 


Scientists* . 


Engineers 


Number 


Percent* 


Number 


Percent 1 


Number 


Percent 3 


262.411 


100 


219.055 


100 


43,356 


UK) 


84.510, 


33 


67,677 


32, 


'f 6,833 ♦ 


39' 


39,121 


il5 ' 


37.460 


18 


1.661* 


* 4 


33.779 


• 13 


2S.590 


12 


. 8.189 " 


19 


' 11.610 


5- 


* 4.627 - 


t 


- 6.983 


"16 - 


* 52,838 


21 


39.983 


19 


12.855 * 


. 30 - 


29$$6 


11 


. ^1.153 


'10 * 


^8.133 


19 


16,02K 


6 ' 


12.900 • 


• 6 , 


<3.123 \ 


* 7 


7.529 > 


\* 3 


5,930 


3 


1,599 


4 


93.665 


37 * 


64.073 


39 


. 9.592 


22 


> 5.655 


' 2 


1 3.949 


2 - 


1.706 


4 


11.824 


5 


* 11,433 * 


• 5 


391 


1 


7.691 


3 


6.426 


3 


1.265 


3 


6,228 




' * 5,514 




714 





' Primary work activity is defined as that type of work* occupying the largest portion of time. 
* Including 94 employed doctoral scientists or engineers who did not indicate their-field 1 
Excluding Jhose whose primary work activity was unreported. 

NOT& Detail may not add to totals because of rounding, ' 



JRck. 



SOURCE. National Science Foundation. Characteristics ot Doctor at Scientists and Engineers in the United States. 1975 
(NSF 77-309). pp. 44-47, , A . 

See Figure ^21 in text . „ ^ 
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tablet 5-14. Employed doctoral scientists and engineers 
by type of R&D activity and by field, 1975 



Field 



v v*' * ^ Total | •••!» •••»« .v «.* 
* V Pbysfc^sfld envfronmentajv^enjusts ..... 

t # > t - Engipeetsj ..^•••. v ^2 

* / ' ' Mathematical and computer scientists 
v ,\ Life scientists 



# • Engineers *. ; I 

Mathematical and /ttmpufer* scientists . ... 

iifescie^tists a 

/ ^sychoJotjists and social scientists . . . . : 

- <- ' ' 

t Total 

Physical and environmental 1 scientists 

•Engineers *: ?.< . 

Mathematical and computer scientists . . ; v . 

Life scientists/ . . . - * v . v . - . „ . * . * . - - 

Psychplogists and social scientists tT/1 . . » 



Jt ^ Primary work activity 

Management' ~ 
. -\ or • 
^ r administration 

.Tojaf . * ~ * Beseafch \ Development, * of R&D ' J 

*" ' , -\ - » ^ dumber ' v ^ 9 

113.796 " * ,72£00 v \ TfilO 29,286 

.37,989 * * 25.501 , * * 2,342 * • 10.146 * • , ^ 

■ - 9.850 . ■ * a98a * 8.133 : _ . 

. ^^.3.046 * ^196'^ 804 
- # 26.584 * 691 6.572 . ^* • 

7.917 * , : 396 "'- ^ 3,628* y ^ 

Percent distribution acVossWields * ** * 




<• * -35 


ft 


loo* v t top r ; 

- * 35 *~ v > ^ 20 


100 * 
* 35 


' 22 




14 % - . ^ 60 


28 . 


». 4 
' 30 




4f - 10 ' 


3 . 




+ 36 4 6 * 


22 


/ 10 




. 11 - ' # 3 


, -12 



Percent distribution across types of 
prirroiyTvork actyttyl 

T^4 ~ yt 

67 « 



f 100 
100 
100. 
100 * 
100 
100 



67 
39 



>^ 28 



-a 



24 
2 
3 



26 

:33 

X 16 
- 19 

30 



v2 



4 Environmental scientist^ includes earth scientists, oceancpraphers. and atmospheric scientists. % t \ • i • « 

NOTE. Percents may not add to IX because oUuunding. The above tot^coiumn^oniains 7 ^hose field of sciepoe was nof ^ 
relied. * * \. ^ ' ' % ' " ' 

forai 5c/e/|fisfs ana fi^neers <n f/« Unned States. 19. 5 



z SOURCE. NationafScience f[ oundatioo # ^gmcj 
- , (NSF 77-G09), pp. 50-53. . ^ JiWk 

, \ SeeJF igurfe 5-22 in text ' * 



.3-, 




* < 

. * * * 



, 284 i 

V 



ERIC 



4 <- 



be: 



A- 



TtWeSft^ Doctoral R&D scientists and engineers' 
by fieid / and type of employee; 1975" 



Field * _ 



Aiifiew 

Scientists ;»,.».,.....«*•«.*,• * . i. . /. . . . 

-Physical scientists .*....r..7.. 

Mathematical scientists*.*..... ..♦..*t 

JSomputer specialists .. v ... .\ 

Environmental scientists* 

life scientists ..." — 

FsyphoIogfets*and social scientists . . .\ . . 



aii fields 2 „:.\7 

Scientists ..J. ./...*.«... 
* Physical scientists .... 

Mathematical scientists 

Computer specialists 

Environmental scientists' 

Life scientists ; — 

Psychologists and social scientists 
Engineers . — 



Business Vour-year . «. > - 1 - 

and colleges and/ . -Other 
Total > industry universities Government employers 

Number " " • ' - 



113.796 


45.352 


41,77fr 


15,470 


11.198 


88.830 ' 


28,489 


;37;81^ 


12,891 


§,631 


31J53 


18.010 


3.322 


3,32V 


2.100 


3.154 


r 711 


1,776 * 




* 172 " 


1,892 


1.137 


4ie 




*• 152. 
662' < 


6,236. 


•1353 


,2.147 "* 


1,874 


33.W 


5,713 


19.070 


5.386 — 


3.680 


11.941 


1,367 


• -6.079 1 


1.B30 


2;865 


24,966 


16.863 ' 


. , £957 


a579 


1,567 • 



. . . . . ... * \ « 



too 

78 
28 
3 



80. 

10 

22 



fetcentdtstribu^bnacr^ lields^ ' A > 

100 ~ : . 100 ~ ioo~ 

ea ♦ . . .W • • 83 * . „ S S6 

46 \ 20" . " rZ\^ 

* 2 • - \ 3 2 

. 3 ' ; ~ , - * - " 1 . * . 1 

3* . 5 »' 12 6 

13 46 35 . 33 

3 15 ^ 11 26 

37, 9 17 14 



Percent distribution across types of employer 



Ail fields* ... - 

Scientists 

Physical scientists v — 

■ Mathematical scientists* .. . ; 

Computer specialists ......* 

. fenviDonmenfal scientists* ! 

life scientists ... 

Psychologists and social scientists , * 

Engineers ..,<...«y.*. 

:rr: 1 ' ^t* ^ 1 

Those whose primary work activity is R&D or R&D management 
*7ncludes.7 who <Jidtiot report their field. " 
^includes earth scientists, oceanographers, and atmospheric scientists. 

^ NOTE: Detail ft ay not add to totals because of rounding. 



100 

100* 

100 

100 

100 

100 

100 

100 

100 



40* 
32 
57' 
23 

eo 

25 
17 
11 
68 



37 

43i 

26 v - 

56 

22 

34' 

56' 

sr 

16 



14 

15 

10. 

16 

10, 

30 t 

16° . 

14 

10 



10 

.11 ' 

• 7 
5 
8' 

11 * 

V - 

6 



* SoijfflCL. National Science Fouogation, Chaiactet*sucs oi Dottotai Scientists an6 Engineers mine United States, 1975 
(NSF 77^309), pp. 50-53- > ^ # * " • ' v . # *T 



/; See Figures 5-23 and 5-24*in text 



/ 



4V 



300 



285 



Table 5-16. Median-annual safcriesTof doctoral scientists 
land engtoemiim/owufiftld* of efnpfoyment dlffefed / 
-i- from their doctoraWteids, by number of years* . 
• sinc«thedoct6rate,197X 



Those employed Those employed % 
Years *lric£-./ ' * oufclde their within their 
earning doctorate doctoral field doctoral field 



Total • • » * • • •.*••< 
1^3-yrS* **•«••••*•• 

6-13 yrj. ..«••../•• 

14-23 yrs. «-. 

24—43 yrs. • * • * *_«' # * • 



$22,300 
17,200 
* 19,760 
. 23,600 
4 26,200 
28,660 



mspo 

-16.600 
18.800 

* 21.700 
25.200 
27,200 



SOURCE: National Academy of Sciences, field Mobility 
of Doctoral Scientists and Engineers, 1975, p. 66. 



See Figure 5^25 in text 



table 5-17. Women science and engineering doctorate 
recipients by field, 1965-75 











/ 4 






/ 










and 








Physical 




Mathe- 


enyjron- 






Total 


Engi- 


matical 5 


, mental 


>~"fcodal 


Year 


sciences 


neering 


sciences 1 


sciences 


; sciences* 








Number 






1965 ..... 


744 


127 


7 


_ 50< 


263 


-297 


1966 


911 


132 


8 


48 


326 


397 


1967 


1,086 


161 


S 


48 


4Q1 . 


; <67 


-1968 


1,295 


185. 


12 


47 


483 


> 568 


i969 




205 


10 


56 . 


537 


664 


1983 


1,626 , 


*243 


15 


77 


538 ' 


753 


1971 


1,929 ❖ 


244 


16 


96 


656 ; 


' 917, 


1972 ...... 


* 2.101* 


.269 


21 4 


96 


. 680 


1.035 


1973 


2.446 


257 


45 m 


119 


795 


1.230 


1974 ..... 


2.590 


" 260 


34 


' 115 


784 


- 1.397 


1975 


2,833 


284 4 


50 


110 


* 863 


1,531 


1976 


2.997 


296 


> 53 




870 


1,665 


v . 




As a percent of all dpctorate recipients _ 




1965 


7 


4 


P) 


7 


10 


13 . 


1966 • . . . . 




4 


P) 


. 6 


* 12 


15* 


1967 


8 


5 


P> 


6 


. - J4, 


19 


1968*...:. 


9 


5 


P> 


5 ' 


14 


17 


1969 


a 


- 5 


P> * 


5 


14 - 


17.- 


1970 ..... 


9 


6 


Pf 


» 6 


13 


' 17 


ispi 


10 


5 




. 8 


15 


■ 18 


1972 


V1 1 


6 


1 


* 7 


; 15 


19 


1973 


13 


6 


1 


to 


1 17 


. 21 


1974 


14 


7 ' 


, 1 


1J0 


V 18 


* 24 




15 , 


4 8 




10 


Z 1$ " 


..25 


'1976 


17 


9 


2 


11 


19- 


27 



} Includes computer Jjpecialjsts. 
2 Excludes 'history. 

* Less than £.5 percent ^ ^ j 

SOURCE National "Academy of Sciences, Doctorate Recipients from U.S. Universities, 
annual series. - 

See Figure 5-29 in text ~ 
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■I ;v 



Tabfo 5-18. Minority representation among ^dentists 

andenglnters by fWd, 1974 f ^ 



* Iota** v 

sdertHsts. * n 

, ^*nd ** U All 
- " . Engineers ' minori- 
iFiek^t * (thousands) % ties 



Minorities as percent of total 



' *Totaf • ** A-.j 



1,973-2- 



- Engineers 4 1.071.8 

A 4 , Mathematical ^ V " 

T • * scientists 

i , i Computer ' . i 

scientists . . v , . 

CHe scientists 

"/ physical and 
f . environmental v 

sdentists 

Soda] scientists , 
and'psychotogtsts . . , 



60A 

125.5 
19&9 



240.3 
281.4 



4.4 

5.8 

i 

4.5 

5.d 

4.5 
7.1 



Other 
.Asian ' minorities 

IS 09 



• 19- 
Z2 

zoh ~. 19 



1.81 



1.4 

Z1 
1.7 



* .8 

.5 

.6 
1.8 

.9 
1,2 



V A ' 

ding. # \ ■ 



f^OTE Detail may not add to totals because of rounding/ 

SOURCE; National Science Foundation, US. Scientists and Engineers. 19f4 {NSF 
329), pp: 24-25. 1, 

* \ 
See FIguretfc-30 in text V 



Table 5-19. Annual average unemployment met, .1963-76 



' Scientists 



Year 



<7 



,1963 ..... 

1964 

,f 1965 v.... 

. \ 1966 ..... 

1967 

- . 196a ..... 

1969XJ... 
4jf0 

► 1971 

* 1972 

1973 ..... 
1974 

• * 1975 - v .. 

1<j?6 .7... 

* . V 



- labor 
^ force 


and tech- 
nical workers 


Tojal * 


Doctoral \ 


Total 


Doctoral 


5.7 


1.9 


NA 


NA 


1 1.2 


NA 


5.1 


1.8 


NA 


NA 


\ 1 - 5 * 


NA 


♦ 4.6 


1.5 


NA 


NA 


\ 11 


NA 


3,9 


1.3 


A 


NA 


\ .7 


* NA 


3.7 


* *1.3 


NA 


NA 


\ 6 


NA 


3.6 


Y2 


3 


JS . 


\ J 


. NA 


/3,5 


f.3 


NA 


NA 


\.8 


_-• NA 


5.0 


2.0 


1.6 


.9 


iz 


NA- 


6.0 


3.0 % 


Z6 


, 14 




1.9 ' J 


5.6 


Z4 


>i* 


NA - 




NA / 


4.9 


Z2 ' 


NA 


^.2 




V 


5.6 


2.3 


W .9 


NA 


lav 


NAf 


8.5* 


3.1 


NA 


1.0 


Z6\ 




7.7 


3.2 


NA 


NA 


.1.7 \ 





SOURCE Bureau of Labor Statistics, Department of Labor, and 
Foundation, unpublished data. 



See Figure 5-33 in text 
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^ •'• - '•• • . * 

a Table 5^20. Percent distribution of the fields of college major* 

,/ " 9 * * phosen bf National Merit Scholars,* 1966-76 

1// . * - - * Percent distribution 

" Field 1966 , 1967 1968 ' 1969 1970 1971 ; 1972 1973 

'^Tiptal ? 100.O 100.0 *00.0 100.0 100.0 100.0 100.0 100jO 

'Science and engineering 62.3 63.8 £8.6 66.6 68.6 68.1 69,1 68,3 

. Engineering a6 10.4 10.6 9.9 12.9 9.4 &5* 9.CL 

Science ....f. 53J 5&5 4 56.0 56.7 55.7 58.7 60.7 59.3 

Physical and natural % ^ < * - 

----- sciences 3&2 36.6 37.0 36.2 36.9 36.4 33.5 32.6 

Physical sciences . UJZj 13.3 H.9 11.1 1Z4 10.1 BJ5 8.0 

Crfemlstry 6.0 ~ 5.4 4£ 3.7 4.6 - 4j0 . ZB 2.6 

Physics 7.6 7.0 6.9 . 64 6.2 5.0 4.2 4.4 

Other physical »- * * *■ 

sciences............. .6 3 .9, 1.0 17 ,,1.1 1.5 ^.O 

Life sciences 6:2", 52 3.3 4,3 _ 3.2 * 4.2 4.1 4.4 

Mathematics ....... ..... ' 14.1^ 15.4 12.2 1Z2 11.8 , 12.8 10.1 - 10.1 

Unspecified physical * 

'and natural . * 

— 'scierices 1;7 9.6 8.5 « 9.5 *9.3 :108 10.2 

Pre-medicine 62 4.3 ' -5.8 a4 5.9 72 11.U 11.3- 

s Social sciences 1£3 1Z4 13.2 14.1 12S 15.2 16-1 15.4 

AJJ,otnerfteJds and - - . . 

# tin6ecJd^T 37.7 36.2 * 33.4 3&4 ^31.4 31.9 30.9 31.7 

Health professions 1.5 - 1.0 * 3" '1.8 * 1j6 '1,5* ZS 2J5 

AUpther fields... ........... 24.1 23.3 28.2^- 27.6 ^26.1 263* 24.9 25.6 

UndecJdedT-..-....,.........^. 12.1* 11.8* 4,3 4.0 3.7 : 4.1 3.5 3.6 



1974 1975/ 1976 - 



100.0 100.C 

69.8 68 J 
11.2 
58;6 



32.4 
85 

ai 

4.4 

1.4 j 
'4.6/ 
7 J 

10.1 
16.1 



B2 
7A 
2.6 
3.6 

4.1 
6.8 



1(X2 
11.4 
14.7 



100.0 
70.4 
16.5 
53£ 

29.3 
8.6 
3.0 
4.4 

\2 
6.2 

ao 



9.7 
11.3 
1±8 



30.2 J&IA 29.0 

1.9 v Z9 25 

23.5 24:i 22.6 

4.8 4.4 . 4.1 



NOTE: Detail may not add to tdtaU because of rounding. " ~~ . c 

SOURCE. National Merit ScTK>tarsr,ip Cofpoi aUor., Nauona* Met a $<Aoiai$btp Corporation Annual Report, annual series. 
See Figure 5-34gn text . * % 



Table 5-21. Distribution of occupational preferences 
of college freshmen, 1968-76 



■Probabfe career Occupation m 1968 1969 197a 19*1 1972, 1973 " 1974 1975 '. 1976 

t Total - 100 

, Artfet (including performer) V. ... 6 

Busine^ 11 

Clergy t. . 1 

College teacher ./» 1 

DQCbf {M.D. or D.D.£.> 4 

Educator ' 24 

Secondary 7.. : 14 

Elementary ../........... — ' 9" 

Engineer, .... v ^\ 8 

Farroefr or forester 2 

"Health professional 

1 {non^K^.D. J ......«..«*..•.*«. * 4 

Lawyer * -3 

Worse ^ 3 

Research scientist c 3 

Other occupations 20 

Undecided t . 11 



100 


100 


1p0 


100 


100 


100 


100 


100 


6 


6 


6 


7 " 


4 


6.* 


5 




11 


11 


11 


11 


16 


13 


14 




1 


, r 


1 


1 


1 


1 


1 


1 - 


1 * 


1 


1 


1 


1 


% 1 


1 


V) 


3 


4 


4 r, 


6 


6 * 


5 


5^ 




22 


19 


" 15 


12 


9 


8\ 


7 


a > 


13 


*11 * 


9 


7 


5 




4 


4 


9 


8 


7 


6 


4 


4 I s * 


3 


4 


8 


- 8 


5 


5 


* 5 , 




6 


* 8 


2 


2 


3 


3 


3 


4 


4 - ' 


* 3 


4 




6 


* 7 


8 


9 


9 


7 


4 


4 


4 


5 


5 


4 


41 


4 4 


3 


4 


4 


5 


5 


5 


5 


5 


3 


3 


3 


2 


3 


2- 


• 2 


2 


22 


22 - 


24 


23 


23 , 


26. 


25 


23, 


11 


12 


f3 


14 


11 ' • 


-J2 


14* 


10 



* NOTfc Detail may not add to totals because of rounding. ^ 

' Less than 0.5 percent 4 / 

* f * * . 

SOURCE. American Gounci. on Education and v/niversity of Cai.fofnia. los Angeies, Th&Amettcan Freshman. NaUoua* 
Norms, annual series; * ^ # 

* See Figure 5-35 in text* 
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r-year enrollment 
J i declared major 
I engineering * 

r 1 science- and engineering 

/Agriculture and natural resources 
J Computer and information sciences 
' Engineering 
Biological sciences 
Basic medical sciences 
BioJogy and botany 
. Zoology* 

• * Other biotogicaJ sciences 

• < Mathematics' „ a • 

Physical sciences 4* 

Chemistry — 
.Geology 
~ * Physics- 

* Other physical sciences 
ScciaJ sciences 

Ec©nc*nicy 

Political science and government 
Psychology 
Sociology ' . 

Other basic social sciences. 
Other field? 

] Arts and humanities 

Business and management i 
: Education 

A Engineering technologies 
- 1 Health professions 

1 History 
Other social sciences 
% . All other fields 
Major? undeclared 



r Thts*apparent cnao&r < could have been the result of -sam pi tng^anatiba 

NOTE. Data pfesaft/ea are weighted estimates .based or. responses from 482 out of a sample of 530 Colleges and 
universities. Details fpZy not add to locals as eacf, item, una*, ana s^btuta* was estimated sepaiatefy* Percentage changes 
were calculated on^n rounded data * • • ' » 

SOUPCE- lrejy*l~ Gomberg and Frank t_ A$$L£*MajOi Field Enrollment olJunior Yeas Students, 1973 and 1974. 
(Washington. O.SrAmer/can Council on Education. 1976). pp. 6. 24. , . 



See Figure JSf36 in text 
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Table 5-23,J3achetor*f and first-professional degrees awarded by field, 1960-75 



* Science and engineering fields 



Year 



All ^ 
fields 



Total 



Physical 
arid , 
environ* 
mentafcr 
sciences' 



_ Engi- 
neenng 



Mafhe-* 
- mattcat 
sciences 




- Social 
sciences 2 



jAli „ 
other, 
fields' 



Number 



1960 J • 

,-1961 

^T962T & 

196? 

T96=P, 

1965 

4 

1966 ...7. 

1967 

**fff""1963 +*m^m 

p 1969 

mo ,~ 

19?1 

fin 

1974' "* 

1975* 



394,839 


0 1 20.937 


36.057 




37,808 


11,437 


401,784 


121,660 


,15.500 




35,866 


13.127 


420,485 


127,469 


15j894~ 




34735 


1 14,610 ~ 


450£92 


135.964. 


16.276 




33.458 


16,123 


'-502^04 


153.361 


17.527 




35,226 


18£77 


533.930 


164,936 


17,916 - 




36.765 


19,668 

•V 


555,613 


173.471 


17,186 




35.815 


# 20.182^ 


594,862 


' 187,84a 


17,794 




36.188. 


2133) 


671^91 


212.174 


4. 19.442 




37.614 


24.084 


769,683 


244,519 






41,553 


28,263 . 


833.322 


264.122 


~ 21551 




44.772 


29.10$ ' 


884,386 


271,176 


21,549 




45387 


V 27,306 


* 937J384 


%231£23 


29.837 




46.003 


27,250 


980,707 


295.391 


20.809 




46£8£ 


27,528 " 


11008,654 


305,062 


21,287," 


\ 


43330 


26370 


987.922 


294,920 


v. 20.896 


40.065 


23^35 



24.14t 
23.< 
25,2 
27,8011 
31,6TH 
34,842 1 

36^64. 

39.40a) 

433601 
43,713* 
52,129 

51,461 
51.484 
59,486 
69,226 
72.710 



^31.494 
. 33267 ' 
37,030 
42308 
59320- 
55.715^ 

63,42^ 
' 72£29 
.87^74 t 
104.399 
^t^56f 

125,473 
133^04 
. 140,579 
, 145,449 
137364 



273.952 f 

280324 «t 

,293.016 * v, 
314.628. 

348,743 v 

373,994 * 

362542 ' 
407,6t3 * \L 
459,417 ^ 
§25,164 ^ 
-569^> 

613£10 ~ J 

ere etc *> 
1300,090 

685316, 
703392 . 
693,002 



As a percent of all field* 




100 - 


31 


4 


10;, 


3 


6 


8 


•7 89 


100 


30 * 


\ 4 ' - 


9 * - 


3' 


6- 




70 


10a 


30 


4 


8 * 




8 - 




"^70 


100 


30 


.4 


7 * 


4 


_6 


' ? 9 


a 70 \ 


100* 


31 


4 


7 


4 7 


6 


10 


69 


100 


Z \ 


3 . 


7 


4 


7 . 


' -10 


69. 


100 




3 


6 * 


4 


7 > * 


11 


63 


100 




3 


6 




' 7 ■ 


12 


. 68 


100 




3 


/ ! 


4 


6 


13 


; 63 


100 


/32 


3 




4 


6 


, 14 


68 


100 % 


f 32 


3 


5 


4 


6 


■ 14 


63 


100 J 


31 


2 ' 


5" 


3 * , 


6* 


1* ~~ 


" W 


100 / 


^0 


2 






6 


'14 


70 


100/ . 


<,30 


2. 


5 


*3 




14 


70 


ioy v 


*30 


2 


4 


3* 


.7 


14 


70 


100 


30 


2 


4 


•2 . 


7 


- 14 


* 70 



* Induding first-profess?) 
2 Excluding history. 



ia) degrees such as M.Q.. D.&£. t D.VJil, and J,D. degrees. 



NOTE Percents may n&t add to 100 because of rounding. 



SOURCE. Nabonai Ceniei lot Education Statistics. Latnec Degrees Conterrea, annual series, and National Science 
?oyndatk>rt, unpublished 'data. . " 

See Figure 5-37 in text - ~~ 
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Tablfc 5-24. Enrollment foradvanced degrees 1 by field, 1960-75 



Science and engineering^ elds 



FalHerm 



Alt 

fieJo> 



TotaJ 



Physical* 

and 
environ- 
- menial* 
sciences 



Engi- 
neering 



Mathe- 
matical 
sciences 



Life and 
agri- • 
cultural, 
sciences 



' Social 
sciences* 



Ml 
other 
Jiejds 



Number 



; I960 314349 120,638 25.707 

1961 338,981 128J94 26,553 

1962 373345 142,4$3 . 23391 

1963 ............ 413,366 158,051 30,959 

1964- 477,535 178,123 34,061 

T..S~ 535.332 ^195.346 ^36308 

-19® *>...w.... 583,000 207.O49 37.950 

1967- ^649,697 224.463 40,477 

1968 ........... 703.745 234361 -40337 

19^9 756365 -243.715 39.885 

1970 816207 , 252.159 , 40.113 

1971 '836,294 4 246.100 38.928 

1972 .. 858330 242333 38.047 

1973 908.101 244354 35.99o 

1974 s 965,000 ,250,673 34;936 

1975^ 1,(53,769 261,522 35,497 

* * ^ ~~ 

1960 100 ^~38 3 

1961 ........... 100 38 8 

1962 % 100 5 38 8 

1963 100 * 33 8 

1964 100 37L 7 

1965 .....v\...: • 100. -37 9. 
.1966 ........... 100 36 ■ 7 ■ 

1957 ...... 100 - . 35 6 

1968 ........... 100 33 -'6 

1969 ........... 100 32 5 

1970 ........... ' 100 31 5 

1971 100, 29 * 5 

1972 100 28 ' 4 

1973 ...........4 100 27 4 

1974' 7..... * 100 26 4. 

1975 100 25 3 



-36,636 
39.367 
43350 
'48.917 
54318 

57.515' 
58338 
62333 
63.662 
65.048 



11.770 
12,671 
14.121 
15,974 
18, 8 05*-—- 



19.715 26310, 193,71* 

2174*6 28,757 210,187 

,"23.953 31318 231*412 

26,888 35313 

30,787 40,152^.^^9.412 






339,93a 
] 375351 

469.034 * 
513,150 



425,229 % < 



30,608 
23347 
28#64 
27.023 
27,118 
27,024 



46260 

47,662 

49,113 

30.714 . 

54225 

58.049 



70390 
71342 
73312 
76?055 
73393 
81,648 



564,048 
590.194 
•615392 
663,747 
714327 
792347 



As a percent of ail fields 



12 , 

12 

12 

12 

11 

11 ' 
10 

10'-' 



9 
8 

. i 

7 
6 

6j 
/ 6 



4 
4 
4 
4 
4 

4.; 

4 

4 ■ 
4- 
4 



6 
6 
3 

r 

6 

? r 

. 6 
* 6 
6 
6 




9 
9 
9 
9 

8 ' 

l9, 
9 
9 
9 
i9 

'9 

9.: 



8 
8 



62 

62 r 
& { 

63 

63 f** 
64 

65 

-67 
68 

69 
71 

72 

73 , ' 
74t* 
75 . - 



_* Excluding enrollment for first-professtonai degrees such as M.D., D.ViiC^D^^and JD. u 

2 Excluding history. - . J f . . II* '* . : - 

- * * - ** :**:T 

NOTE: Parcents may. not add to 100 because of rounding. * 

' . : -* - ' * r * , - . # ^ 

SOURCE. National Centes lot Lducai*on Statistics, iti/Jenfs Lntoi\*a tofAdv&ficed Degrees, annual series,^nd tfalk>nal 
Science foundation, unpublished data. * *£c > : ? > * 

SeeF3g;gre£38in*toc£ - 



* Tabte 5-25. Master* degrees awarded by Held, 1960-75 



Science and engineering fields 



» Physical - % 

* ahxJ • * _ life and : * 

* environ- »4riath&^ "~ agri- „ All 

Alf t ^ 9 mental Engl- * matical } cultural Social 7 other 

Year fields Total.. sciences neering sciences sciences sciences 1 fields 



Number 





74.497 


. 20.012 


*3.387 


,7,159 


1.765 


3.751 


3.950 


54.485 




,7&269 


22.786 


3,799 


8.178 


. 2,238 


4.035 


4.486 


55.483 ' 


1963. 


84.889 


25.146 „ 


3.929 


8.909 * 


2.680 


4.672 


. 4.956 


59,743 


: 1963 


91.418 


^ 27 £67 


-4.132 




3.323 


4,718 


5,559 


64.051 


1964" •*•»#*••■••• 


101 # 122 


30.271 


4.567 


18B 


3,603 


5357 


5.917 


'70.851 






.33.S35 


4.318 


12,056 


4.294 • 


5.978 


6,589. 


78^60 * 




140,772 


38.033 


4,992 


13.678 


5,610 


6,666 


7.737 


102,689 


1967 


157.892 


41.800 


5.412 


J3.885 


5.733 


7,465 


, 9,305 


116,092 - 


1968 * 


177,150 


45.425 


5,503 


15,188 


6,081 


8.315 ' 


( 10.333 


131,725 




194.414 


48.425 


5.911 


15.243 ' 


6.735 


8,809 


^ 1f*727 


145.989 


1970 


,209,387 


49,318 


5,948 


15,597 


7,107 


8,590 


12^076 


^160,069 


1971 .......... 


231,486 


50.624 


6,386 


16.34* 


6,789 


8,320 


12.782 


180,862 




252,774 


53,567 


6.307 


16,802 * 


7.186 


8314. 


14.358 


199,207 


1973 ........... 


264,525 


54.234 


6,274 


16.758 


7,146 


9.080 


14.976 


210291 


1974 


.278,259 


54,175 


6.037 


15.393 


7,116 


9.605 . 


15£74 


224.084 


1 975 . . . . • . . . . 


293,651 


53.852 


5,830 


. 15.434 


6.637 


9.618^ 


16333 


239.799 



As a percent of all fields 



1960 

1961 ..... 

1962 ..... 

1963 . . .t . 

1964 ..... 

1965 ..." 

1966 

1967 ..... 

1968 ••••• 
19© 

*1970 ..... 



r 



1971 
T972 
1973 
1974- 
1975 



100 


27 


5 


10 


2 


5 




5 


- 73 


100 


29 


5 


10 


3 


- 5 




6 - 


71 


y .100 


30 , 


5 


11 * 


3 


6 




6 


' 70 


. « 100 


30 * 


5 


11 


4 


5 




6 


* 70 


.* ^ 100 


30 


5 


11 


, 4 ' 


5 




6 " 


70 


^10Q 


30 


4 


11 


~ 4 


. 5 


-* 




70 


100 


27 


4 


10 


4 


5 




6 


73 


100 


26 


3 : 


9 


. 4 


5 




6 


* 74 


100 


26 


3 


9 


3 


5 




*-6 


74 


-5 100 - 


25 - 


3 


8 


4 


5 




6 


75* 


100, 




3 


7 


•3 


4 




8 


7$ 


100 


22 \ 1 ' 


3 


. 7 


3^ , 


;"4 




6 


78 


100 


21 


3 


7 


3 > 


< .4 




6 


79 


. * 100 


21 \ 




6 


; 3 


3 




6 


79, 


100 


19 * 


2 


-6 




3 




6 


. Zt 


100 • 


18 


2 


5 


- 1 ■ 






*6 . 


: 82 





















J* 



1 Excluding history, 

NOTE.Percents may not add to 100 because of rounding. 



SOURCE. National Centei tot £<3cfcauor» Siausu^s. LatneC Degrees Conferred, annual series, and National Science 
Foundation, unpublished data . 

See Figure $-39 in text * 
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Tabl^§t?6. Doctoral decrees 1 awarded by field, 1963-76 



Stance an j engineerings-field^^ 



v ■- ATfr - \ ' 

■ Year »_ -fields Total . 

ri9^ZZ~T3 16£40 10.477. 

.-1fle6*;.^;„*^ 17,953 11.456 

1967. 20,3$4 12.982 

1968 22£16 14,411' 

4969 1 25.724 15.949 

1970— — 29.475 > 17.731 * 

V1971 „**iV£V* # ;. 31.772 18.880 

1972 ..... " 33,001 " 5 18,940 

1973 ........... 3?,727 18.948 

1974 ........... 33,000 * 18,316 

1975 > 32.915 * * 18;352 \ 
,1976 32£2J J Z£32 

1965 100 - 64 " 

196* 100 « 64~r 

1967 * 100 64 v 

4968 100 * c# 63_ 

1969 • 100 62^ 

1970 ........... 100 60 % 

,1971 / 100 59 

1972 , 100 57 

1973 ........... - 100 * 56 

1974 ........... 100 56 

1975-......./... 100 56 

1976 ........... 100 54' 



Physical - 
sciences 



Engi- 
neering 



Mathe- 
matical 
sciences 2 



^sciences 3 



> All 
JJoctaJ - other 
sciences fields 



2365 
34)58 
3.502 
3.667 
3.91Q 
'4.400 : 

4.494 

4.226 

4.016 

3,696- 

3.6! 1 

3.442 



2,073 
j 2£99 

1 aeo3 
2m 

3.249 
3.432. 

U.495 
3.475 

03,338' 
3.144 
2£59 . 
2,791 



685 

769 
'830 . 

970 $ 
1,064 
1.222 

"U236 

1,281 

1.222 

1.196 

1,149* 

1.003 



2£39 

2,712~' 

2,967 

3,501 

3.796 

4.163 

4.533 
4,505 
4.574 
4.407 
4,540 
4,480 



2£15 
2,618 
3.080 
3.426 
3,930 
,4,514 

5.122 
5,453 
5.798 
5372T 
£.093 
6.116 



As a percent of airfields 



13 
13 
13 
12 

11 & 
11 
10 
10 

9 

8 



4 
4 
4 
4 
4 
4 

4 
4 
4 

4 , 

3 

3 



18 

-15 

;is 

-15- - 

* 15 
14 

14 
14 

14 . 
13 
14 
14 



14 
15 
15 
,15 
15 
15 

16 
17 
17 
18 
19 
19 



5.663 
6,497 

/ 7.402 
8,505 
; 9.775 

J 11.744 

f 12392 
li061 
14.779 
14,684 
14(561 
15,991 



36 
36 
36 
37 
38 
40 

41 
43 
44 
45 
44 
46 , 



• f Excluding flrst-professionai 'degrees such as M.D.. D.O&. D,V.M.. and J.D. 

* Including computer speciaiistSi ' _ * ' 

. '* Including environmental sciences. * 

' - . - ? ' 

. SOURCE, National Academy of Soences, Doctorate Recipients fromfy.S. Universities, annual series. 

• See Figure 5-40 In text ** 

.: * - k ■ 



. Jndex to Indicator Tables 



AX= Aprferidix Tables 
TT = To/t tables 



.1 



45* 



INTERNATIONAL INDICATORS OF SCIENCE AND^TECrfNdLOGY 

Human.WiFi^al Resources for R*/d • • ^\ . « 

^ Expenajturesjor performance of R&D *|,a percent of Gross Naupnal ~* J \ ° 

« ; fftduct(GNni7.cottn^)961-7|/^ .... ATM - *--";.- 

Scientists and engineers engaged in R&0 by country, 1965-75 . . . ATl-2 ' \ _ 

^tii^tedjIistiibufionofCw ^ * 

; Selectedareas by country,. 1961-73^,* ATl-3 - . _f: 

\\- - - -V - <- " • ^ - : * v* >= 

The International Character of Stance * % - < 

^ ' " , i* * **" < * -* * 

- Publications andNcttations * " v - * ' , > " • " - . r ■ 

j * . '< - . 

U*S- share of the world publications from a large sample of ~~ . % - 

^ influential journals, 1973-75 . <. . w . . ,". « * * . TT 1-4 

*^ Distribution of publication* in UtS> joiirrimls by field and country • , * * . 

; of author, 1975 /J ."St.. ......... AT 1-4 ' 

Percent of all citations found in publications of other countries * / < j£ * 

' that ai^io UJS. publ^rions, l^fiekt lTO/../.... M .,,...^;^Vx*..,.w.,-.>.TT-l-6 * I 
Citations from thepufeiications of all countriesjto' previous U,S. ^ x - Vu,^ 

. 'publications, by country and field, 1975 . .♦*..'..,,"A£f-6 * /5V 

Belds^Ad subfieJds of international sden tific4iterature „" . . , AX 1-5 

atios for US, publications by the country of citing * - - 

aitfors and field, 1975 • — TTl-7 

Distjiflution of the publications of authors by country ^ 

oj^urnaland field, 1975 * /. AT 1-7 ^ : * 

Percent of all citations found in V.S. publications that are to pub-. * ~^Z / 

hcationsof other countries/ by field, 1975 « TTl-9 

Citations from VS. publications to previous publications, by .cited w ? 

country and field, 1975 ..w ~. ..." . AT 1^8 * * ~" 

Publica tionl by US; authors .which were co-authored at different 

institutions or organizations, by field and country, 1973 ......i.->. v . AT 1-9 

International Cooperative authorship of U.5. publica tions-'as a percent / ^ r * >* 
of all cooperative authorship by U.5, authors, bj» country and 

fieid,l973 ^ ;. v ...^. ATHO 

Meetings and prizes # . <^ 'V .•'/'" 

' Partkipat^pn ufintejnational scientific congresses, 1961^76 AT 1-11 t 

- Number of Nobel Prize laureates in science by field and by ccnihtry, ; 

-^901*76 I.,-..... 1 AT 1-12 ^ t 

- Totat Nobel Prize laureates in chemistry^physics, and ' ; ' 

| phystok^/medidneSor selected countries, 1901-76 AT 1-13 

* Nobel Prize laureates u^^sdence pro po rti onate to population for "2. * 
- I selected countries, 1M1-76 t ........«., t AT 1-14 * 

TrauiSIdgical Inventio^ and Innovation k " /: • 

Ltenu: " ^ / ^ / . 

X US. patent balance with selected countries, 1966-75 I AT 1-15 

. y Percent ofjotal US; patents granted to foreign inventors 

\ by product field, 1973-75 v . ^......t..! TTl-16 ^ 

IForeign participation in active parent categories by R&D-intensive * / 
\ product fields, 1973-75 ..jtT,l-17 



" .309 , , " ' . 



Number of US. patents granted to selected idrejgh countries by . * ^ 

product field> 1963-75 «»^*AT 1-16 

Concentration of foreign patentingin the United States forthe . z9 g 

three most active countries. By product field .... ......... TT 1^19 

Innovations ^ - , , V *' s - _ i . . ' 

Major technological innovations by selected countries. 1953-73 . ATVl-17 

Percent distribution iif innovations by type of market and ' ' r ? • ^ 
'-country^ 1953- > 73 *♦»..*»•••••••••. ••«*■» •••*••£•»• TT 1*^21 



♦ 



Royalties andTees ^ . - J . V. V 



> . U.S. international transactions in royalties and 

s fees, 1966t75 »n •••** • • . ..^ »♦•*••*•*♦•••• A?j|j/3t •! 6^ 

US. receipts andpayments t of royalties and feesiFor unaffiliated - ^ - T 

foreign residents, 1966-75 . f * . .... • ••••««*»• • •••• AT 1*19 

U!S. receipts and payments. of royalties and fees for direct . 

investment abroad, ,1966-75 "... .'. *. ........... AT 1-20 

■ * # ^ . ^ ^- - > 

Productivity and Balance o^Trkde . * 

. Productivity ' ' . _\ " 

: . «r * z ■ 

Real Gross Domestic Product per employed Chilian, for selected 

countries compared with the United States, 1960-76 ATl-,21 

Relative productivity in manufacturing industries by selected 

countries, 1960-76 ATl-22 

Unit labor cost in manufacturing industries for selected 

I cowries, 1967-76 I TT 1-27 

Trade balance > ~ 

3U.S. trade balance in R&D-intensive and non-R&D-intensive manu^ 

\ = ractured product groups, 196CV76 .;^«M-23 

- U.S. trade balance in selected R&D-intensive manufactured . ' - 

: j product groups / 1960^76 ..\ AT1-24 

\ Percentage of applications accepted for duty-frte entry of y * 

\ - scientific instruments or apparatus without U.S. equivalents/ - - 

, - ^ 1967-68 through 1975-f6* .^.,.*.-TT 1-30 

: VS. trade balance with selected nations for R&D-intensive \ ' * * 

i manufactured products, 1966-76* ..wl. .....I AT 1-25 

« * \ 

RESOURCES FOR RESEARCH AND DEVELOPMENT 

Total Human and Fiscal Resources" for R&D ' 

/- Ixpenditures and manpower ^ 

National R&D expenditures, 1960-76 ./... f ..V..., .........v...... AT 2-1 

Scientists and engineers employed in R&D by sector, J561-75 ...V AT 2-2 

Nationaf R&D expenditures as a percent of GNP by source, - 
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